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Manville Service Corporation .
Pos: D*ce Box 5108 anv' e
Derve: Zo0racc 8027

303 ¢78-2000

November 7, 1986

Mr. Brad Bradley

Project Coordinator (5 HE-12)

L.S. Environmental Protection Agency
Region V

230 South Dearborn Street

Chicago, Illinocis 60604

RE: JOHNS-MANVILLE WAUKEGAN DISPOSAL AREA RI/FS

Dear Mr. Bradley:

In accordance with the terms and conditions of the Administrative Order by
Consent entered into between Johns-Manville Sales Corporation, now Manville
Sales Corporation ("Manville"), and the United States Environmental Protection
Agency ("USEPA"), Manville is hereby submitting two copies of the Feasibility
Study Report on the Johns-Manville Waukegan Disposal Area. This report
contains responses to your review comments on the FS report submitted in
February, 1986. Copies of review comments and responses have been included in
Appendix B. Please feel free to contact me if you have any questions on the
contents of this report.

Singcerely, ’

Marvin Clumpus, P.E.
Project Coordinator

MC/ss
Enclosures
cc: Basil G. Constantelos, USEPA (w/enclosure)

Richard McGraw, USEPA Consultant
Kurt D. Neibergall, IEPA
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Teisphone (816) 361-5092

November 10, 1986

Mr. Marvin Clumpus, P.E.
Project Coordinator
Manville Sales Corporation
P 0 Box 5108

Denver, Coloradeo 80217

RE: Feasibility Study Report, Johns-Manville Disposal Area
Waukegan, I11inois

Dear Marvin:

This Feasibility Study (FS) Report includes responses to USEPA review
comments on the February, 1986 FS report. It presents a step-wise
identification and evaluation of potentially feasible alternatives for
remedial actfon according to the requirements of the National 0il and
Hazardous Substances Contingency Plan (NCP).

A number of remedial action alternatives were evaluated. Considering
their technical feasibility, public health and environmental impacts,
fulfillment of institutional requirements and present worth costs, the soil
covering with vegetation involving a total soil cover thickness of 18 inches
is the most desirable alternative for this site. Two variations of this
alternative involving soil cover thickness of 24" and 30" respectively were
also evaluated. These variations although have public health and environment
impacts similar to that of the primary alternative (18" soil cover) but
require increased commitment of energy, monetary and other resources.
Therefore tne soil covering with vegetation alternative involving 18" soil
cover thickness is recommended for remedial action at this site. This
alternative would provide adequate remedial response and is estimated to have
a capital cost of $3,624,170 and an annual O & M cost of $49,000.

If you have any questions on this report please feel free to contact me.
Sincerely yours,

Madl AT
S.K. Malhotra, Ph,D., P.E.
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1.0

EXECUTIVE SUMMARY

This document is a Feasibility Study (FS) report for the Johns-Manville
Disposal Area, in Waukegan, Illinois. This report presents a step-wise
identification and evaluation of potentially feasible alternatives for
remedial action according to the requirements of The National 0il and
Hazardous Substances Contingency Plan (NCP). This report provides
Manville Sales Corporation and USEPA with the information required to
select the most appropriate, cost effective and environmentally safe
remedial action alternative for the prevention of further contamination
and mitigation of existing contamination at the Johns-Manville Disposal
Area.

1.1 SITE PROBLEMS AND REMEDIAL RESPONSE OBJECTIVES

Remedial Investigation (R.) studies have shown that Johns-
Manville Disposal Area contains lead and asbestos-containing
waste materials/soil. Based on monitoring data collected during
and after the RI, there is no evidence of off-site migration of
any contaminant from the disposal area. Also, no apparent
release of contaminants to surface water and/or ground water has
been observed. Analysis of groundwater and Lake Michigan water
samples showed similar asbestos fiber concentrations. These
observed concentrations are similar to those reported in the
literature for tap water and commercial beverages. No asbestos
fibers, greater than 5 microns in length, were detected in
groundwater. The groundwater at the site appears to be of
Drinking Water quality. On-site and off-site air quality does
not appear to be significantly impacted or degraded by the
release of suspended particulate matter or lead. Some of the on-
site air samples contained asbestos fibers at levels somewhat
higher than those observed at the off-site locations.

Site access is restricted and there are no residential dwellings
and drinking groundwater supplies within 0.5 mile radius of the
site. Some of the asbestos and lead containing waste materials
are exposed at the site and potential of direct contact with the
waste by workers and/or wildlife exists. In addition asbestos
and lead are subject to airborne dispersal either by routine
emissions (e.g., fugitive dust) or through waste disposal
activities. Potential for release of lead to groundwater and/or
surface water is low.

Therefore the primary objective of a remedial response is to
preclude or diminish the potential for on-site airborne asbestos
emissions and direct contact with waste materials/soil
containing lead.

1.2 IDENTIFICATION AND SCREENING OF TECHNOLOGIES
Technologies that are feasible in immobilizing or
destroying/stabilizing asbestos &nd lead in the waste

materials/soil on this site were evaluated. Chemical
detoxification, biological treatment, land treatment and
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1.3

1.4

incineration technologies were considered non-feasitle because
of the relatively inert and non-combustible characteristics of
the waste materials/soil at this site. Technologies involved in
different general remedial response actions (soil covering,
capping, on-site treatment/stabilization, on-site landfilling
and off-site landfilling) were evaluated for their technical
performance, comparative costs, implementability, risk of
failure, reliability and potential environmental and public
health impacts. This evaluation indicated that a remedial
response involving on-site treatment/stabilization is the least
desirable from a technology viewpoint because the technology
involved is not proven to achieve the objectives, involves high
risks, has adverse environmental and public health impacts and
is not likely to be acceptable to the neighboring community.

IDENTIFICATION AND SCREENING OF REMEDIAL ACTION ALTERNATIVES

Seven remedial action alternatives were identified. These were
no action, grading and seeding, soil covering with vegetation,
sofl covering without vegetation, capping, on-site landfilling,
and off-site landfilling. Each alternative was evaluated on the
basis of its environmental and public health impacts and capital
and operation and maintenance costs.

Although the public health and environmental benefits of soil
covering with vegetation, soil covering without vegetation and
capping are more or less similar, their present worth costs are
$4,086,090; $4,134,040 and $7,590,140 respectively. Therefore
out of these three alternatives, only the least cost alternative
of soil covering with vegetation was used for detailed analysis.

REMEDIAL ACTION ALTERNATIVES AND ANALYSIS

Four alternatives were devised for mitigating potential adverse
impacts of the contaminated materials/soil at this site. A
fifth no action alternative was added to fulfill NCP
requirements. In addition, two variaticns of soil covering with
vegetation alternative were evaluated. These alternatives are
summarized as follows:

Aiternative I: No Action

Involves leaving the waste materials/soil on the disposal
area in their current state, but includes monitoring of
groundwater and surface water.

. Alternative Il: Grading and Seeding

Involves grading of waste materials/soil, adding top
soil, fertilizing and seeding.



. Alternative IIl: Soil Covering with Vegetation

Involves grading of waste materials/soil ard laying a
minimum of 18" compacted clean soil and top soil cover,
fertilizing and seeding. The two variations of this
alternative differ only in the use of greater cover soil
thickness. One involves a minimum of 24" thick cover and
the other 30" thick cover.

. Alternative 1V: Off-Site Landfilling

Involves excavation, removal, transportation and disposal
of waste materials/soil in approved off-site landfills.

. A1tegnative V: On-Site Landfilling

Involves excavation, removal, transportation and disposal
of waste materials/soil in an on-site landfill designed
and constructed specifically for the disposal of the
waste materials/soil.

These alternatives were evaluated for technical feasibility,
institutional requirements, public health and environmental
impacts, capital and operation and maintenance costs. This
analysis indicated that under the no action alternative
potential threat of human and wildlife exposure to lead and on-
site airborne asbestos fibers will remain and therefore will not
be acceptable to public, local, State and Federal governmental
agencies.

Grading and seeding alternative is expected to diminish the
potential for on-site airborne asbestos emissions and direct
contact with the waste materials. However, this alternative
does not meet the NESHAP requirements and may not adequately
fulfill remedial response objectives and the requirements of
CERCLA. In the short-term, adverse impacts on public health and
environment may occur due to construction generated noise, dust
and airborne asbestos fibers.

Soil covering with vegetation alternative or its variation is
expected to eliminate the potential for on-site airborne
asbestos emissions and direct contact with the waste

materials. This alternative meets NESHAP and CERCLA
requirements. It also provides some protection tc groundwater
from potential contamination by leachatle lead. Its short-term
adverse impacts are similar to that of grading and seeding
alternative. Soil covering with vegetation alternative involves
reduced commitment of energy, money and natural resources as
opposed to on-site or off-site landfilling alternatives. The
two variations of the soil covering with vegetation alternative
althougk have public health and environment impacts similar to
that of the primary alternative but require increased commitment
of energy, monetary and other resources.
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1.5

In the long-term, on-site or off-site landfilling alternative
provides adequate protection to groundwater from the
contaminants in the waste materials. However, the risk to
groundwater from the waste materials/scil at the site is
considered low and such protection is not a primary objective of
a remedial response for the site. These two alternatives involve
relatively longer construction period. In the short-term, both
alternatives involve greater adverse impacts on human health and
environment due to handling of large quantities of wastes. In
addition, the off-site landfilling alternative involves use of
scarce commercial landfill capacity and transportation of waste
on public roads over long distances. The on-site landfilling
alternative, however, involves irreversible use of land
currently accessiblie to wildlife,

On-site and off-site landfilling alternatives involve large
commitments of energy, money and cther resources and have much
higher capital and 0 & M costs as compared to other
alternatives.

RECOMMENDED ALTERNATIVE

Soil covering with vegetation alternative with a total soil
cover thickness of 18" involves readily available and proven
technologies to control the source of contaminants. It involves
smaller commitment of energy, money and other resources than its
two variations involving greater cover s0il thickness and can be
implemented by the end of 1988. It is estimated to benefit the
landscape and wildlife around the disposal area and is likely to
be acceptable to neighboring community, This alternative does
not depend on the availability of off-site landfill capacity.
The short-term adverse impacts orn public health and environment
due to construction activities are minimal. These adverse
impacts are expected to be further minimized through limiting of
access, wetting of active construction area prior to grading- and
waste handling, monitoring workers for exposure to airborne
asbestos and using appropriate protective health and safety
equipment, This alternative has relatively low capital and C 8
M costs.

Therefore, soil covering with vegetation alternative involving a
soil cover thickness of 18" is recommended for remedial action
at Johns-Manville Disposal Area. In addition, provisions of the
Superfund Amendments and Reauthorization Act (SARA} of 1986
have been considered and a monitoring program for the soil
cover, to be mutually agreed upcn by USEPA and Manville, will be
developed to attain the new cleanup standards contained in
Section 121 of SARA. :
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2.0

INTRODUCTION

2.1

SITE BACKGROUND INFORMATION

2.1.1

2.1.2

SITE LOCATION AND DESCRIPTION

The Manville Sales Corporation, formerly Johns-Manville
Sales Corporation operates a rmanufacturing waste disposal
area adjacent to its manufacturing plant at Waukegan,
IMlinois. The disposal area covers approximately 120
acres out of the 300 + acres owned by Manville. The site
is located on the shore lines of Lake Michigan in the
northeast corner of Waukegan City limits (Figures 2-1
and 2-2). The Waukegan plant site is bounded by Lake
Michigan on the east. [11inois Beach State Park on the
north, an old city dump site on the west, and a fossil
fuel electrical power generating station on the south.

The site consists of solid waste disposal areas and a
closed loop process water treatment system. There are
currently three active solid waste disposal areas on the
southeast area of the site shown in Figure 2-3, These
are labelled as asbestos disposal pit, miscellaneous
disposal pit and sludge disposal pit. The closed loop
water treatment system consists of three separate process
water discharges into a series of unlined settling basins
(57 acres) with the water returning to the plant via the
industrial canal and pumping lagoon along the north side.

SITE HISTORY

Almost all of the solid wastes and process wastewater
generated from the manufacturing facility have been
treated/disposed on site since 1922. The site is
reported to have received asbestos and asphalt containing
wastes. These wastes are primarily cuttings and waste
products from the manufacturing of asbestos-cemert pipe
and residues containing roofing and insulating

materials. The asbestos in these waste materials is in
the encapsulated or bound form. This site has received
friable and non-friable asbestos wastes since 1922. The
use of asbestos substitutes and changes in product lines
have now eliminated the use of asbestos fiber from the
manufacturing processes as well as from the manufacturing
wastes disposed of at this site. Mo asbestos is used now
in any of the manufacturing processes at the Waukegan
Plant. The site has also received small quantities of
waste materials containing trace amounts of chromic
oxide, lead, thiram and xylene.

Lead was used in the form of lead oxide to produce
sheeting materials and is no longer used in the
manufacturing process. Thiram, chromic oxide and xylene
were used in the past in trace quantities during
manufacturing.

2-1



I

LAKE MICHIGAN

Sty 11|
___ll
]
T
I

‘Commonweaith

Illinois Beach State Park

JOHNS-MANVILLE
SITE ;

nm. )

Edison Co.

Chicago and North Westarn and
Eigin. Joliet, and Eastmrn Railroads
] 2500 5000
= |

SCALE IN FEET _.“/_

Source:USGS 15° Quadrangle : v_

et

Figure2-1
VICINITY MAP
Johns-Manville
Waukegan, lllinois




Iltinois

r

=

CHES L g

'l_—llﬁ.l.u._lllla.»lw.zl..l — T -
» o JIN N .
¥ ._...m:q 4
< S,-. . w LY
s TEE — Batme
.. . 1o -._ v i N LS
. .n.g m.c . - -— .’
g &, - = |
= .\ w. -O..(, \ - .
dga L
*+]: Dead W
" Lake ‘ _,
. /
I
# !
N ‘
\_
i
..... 1] N——

¥ ?
Ariantie 1

°" ) WAUKEGA

> s

1"12000'

Map odopted from
USGS 2:on Quad. Mop

1/85

FIGURE 2-2
REGIONAL LOCATION MAP

JOHNS -=MANVILLE DISPOSAL AREA
WAUKEGAN, ILLINOIS

594 - 3224

Kumor Maihotra & Assoc, Inc. — Grand Rapids, Michigon

-7,




| 4

a L] LY a [

4.
/ A Al LEGEND N
T S e FIGURE 2-3
“ Boving Nuabder
sonmte Propery . / A‘ 3_.: :.:...“ SITE MAP
(e Fonce @ wonioing wen w4 JOHNS ~MANVILLE DISPOSAL AREA
a » ’
- ( Scow appmes ) WAUKEGAN, ILLINOIS
2} —1 Filtgring
"& Berm 594~ 3224
" Y Kumor Mainotra & Assoec, I — Grand Roputs, Bixchigon
I Adepted From Johas - Meanile
L Sorrow  Put Mo Dwe 2°0°84 lmm Beoch s:mm/
Dolc rence Poul

= _ 0,000 0008
@ww p—— m
F luboud/
Eltivent

Y

Setting Basmn

Porting

. — 3
—&—
L N T Y ——
ey

—~—

i, ' 3" ok e poat P
¥ U
ls: &I‘I

) 3

' L ] n

/

|




The waste materials, generated from the manufacturing
processes have been treated/disposed on site. A
substantial portion of these wastes has been used to form
dikes of the process water treatment basins and waste
piles shown in Figure 2-3. The remaining waste materials
have been deposited, compacted and covered to form the
mounded areas around the currently used waste disposal
pits on the south side of the disposal area. The
asbestos disposal pit now’'receives 1imited quantities of
friable asbestos waste from the cleaning/decontamination
activities at the Waukegan plant and is managed in
accordance with the requirements of Natioral Emission
Standards for Hazardous Air Pollutants (NESHAP). The
miscellaneous disposal pit receives loose and baled scrap
products.

The process water which does not contain any hazardous
material is treated by settling and filtration and is
recycled. There is no cdirect discharge of process water
to any surface water. The settled inorganic sludge,
predominantly lime sludge, from the settling basins is
dredged periodically and deposited in sludge disposal
pit. Some of the dredged sludge has been used in the
past as cover material for the deposited waste piles.

There has been no incidence of explosion or groundwater
contamination at this site. There has been a smoldering
fire on the disposal area caused by hot glass waste from
the refractory insulation manufacturing process. This
resulted in some smoldering of wastes and was put out by
Manville's waste disposal crew.

Air quality in the vicinity of the site is generally
good. Airborne asbestos monitoring was conducted at the
facility in 1973 and 1982. The potential suspension of
asbestos fiber from the degraded waste materials appeared
to be the major concern. This site was included in the
National Priorities Listing in 1982 and a PRemedial Action
Master Plan was prepared in 1983 which recommended
carrying out of remedial investigation and “easibility
study. Manville contested the basis for this listing.
Nevertheless it has entered into a consent agreement with
USEPA to conduct a remedicl investigation and feasibility
study for the site. Remedial investigation (R!) has been
completed and final Rl report was approved by USEPA in
November, 1985,
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2.1.3

2.1.4

PHYSIOGRAPHY

At the Johns-Manville site, the local physiographic unit
is the Lake Border Morainic System. The general
topography surrounding the Johns-Manville site is

level. The process buildings are on natural ground. The
highest part of the disposal area is about 40 feet above
natural ground., The surface topography of the waste area
is irreqgular. In general, peripheral portions of the
site slope away from the center of the site. In the
vicinity of the wet basins, drainage is to the basins.
Part of the south portion of the site slopes into closed
depressions, such as the asbestos disposal pit, the
miscellaneous disposal pit and the sludge disposal pit.
The southwestern portion of the disposal area slopes
generally to the west. The southeastern portion of the
disposal area slopes generally to the east, towards Lake
Michigan.

GEOLOGY

The Johns-Manville facility is situated on an area of
unconsolidated glacial drift. Glacial drift at the site
ranges from 75 feet to 100 feet in thickness.

Significant areas on and around the site are "man made"
land. These areas consist primarily of sandy fill over
lacustrine sands of Glacial Lake Chicago. The lacustrine
sands at the site range from 5 feet to 39 feet in
thickness. These sands overlie the clayey Wadsworth Till
Member of the Lake Border Moraine System.

The till deposits range in thickness from 50 feet to 7%
feet. The Wadsworth Till Member consists of silt-clay-
sand matrices of low permeability. A thin sand and
gravel deposit underlies the till, This layer ranges
from 15 to 30 feet in thickness and is underlain in turn
by the bedrock.

The uppermost bedrock consists of Silurian-age Dolomite
of the Niagaran-Alexandrian Dolomite. The formation is
silty at the base and may locally be cherty. The
dolomite has a thickness of up to 300 feet and dips to
the east.

A succession of shales, dolomites and sandstones complete
the stratigraphic column above the PreCambrian-age
Granite. Three of these strata are significant water
producing zones. They are the Glenwood-St Peter
Sandstone, the Ironton-Galesville Sandstone, and the Mt
Simon Sandstone.
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2.1.5

2.1.6

2.1.7

HYDROLOGY

The Johns-Manville site is located on the Lake Michigan
shore. The lakefront area is subject to storm waves and
erosion periodically. Drainage at the Johns-Manville
site is primarily collected either in catch basins at the
paved areas or in the wet waste basin system and
recycled. From the southeast slopes of the site, there
may be surface runoff to Lake Michigan.

Water supplies for the City of Waukegan are drawn from
Lake Michigan from a location about one mile southeast of
the site., After use, this water is returned to Lake
Michigan in the form of treated effluent.

GEOHYDROLOGY

Groundwater resources are available everywhere in Lake
County. The five major water-yielding units are: the
glacial drift aquifers within the lacustrine sands, the
shallow dolomite aquifer (Silurian), the Glenwood-St
Peter Sandstone, the Ironton-Galesville Sandstone, and
the Mt. Simon Sandstone. The two aquifers closest to the
surface, the glacial drift and shallow dolomite aquifers,
form the shallow system and are replenished or recharged
by local rainfall. The remaining three deep sandstone
aquifers are recharged by precipitation seeping downward
through the overlying rocks on a regfonal scale.

Only those wells with records that could be confirmed by
cross checking the locations with other sources are shown
on Figure 2-4. A1l wells in the vicinity of the site are
in the Sillurian-age Dolomite or Mt. Simmon Sandstone
aquifer and vary in depth from 95 feet to 1620 feet.

Some of these wells are used for industrial water. Al
users in the vicinity of the site are served by city
water supply System.

A highly permeable surficial sand layer acts as an
unconfined water table aquifer at this site. The lower
boundary of this aquifer is a clay layer. Its total
saturated thickness ranged from 22 to 37 feet across the
site from west to east. The water table was encountered
at 1 to 3 feet below the land surface.

The general groundwater movement at the Johns-Manville
site is lateral and upward towards Lake Michigan.

ECOLOGY

No wildlife habitat exists on the adjoining south and
west sides of the site. Wildlife habitat does exist to
the north of the site within a distance of 500 feet from
the Manville property line fence and over 2000 feet north
of the active waste disposal pits. Wildlife may include
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2.1.8.

2.1.9

deer, squirrel, ruffled grouse, ring neck pheasant,
cottontail rabbit and small rodents. In addition, the
industrial canal on the north side of the site and Lake
Michigan on the east side does attract wild ducks and
migratory birds.

Lake Michigan on the east side of the site and cooling
water ponds of Commonwealth Edison Company on the
southeast side of the site are recreational fishing
bodies of water,

No adverse impacts of Manville waste disposal activities
have been reported on the vegetation, birds and wildlife
in the vicinity of the site.

SOCIOECONOMICS

The Johns-Manville dispcsal area is located in the
industrial belt along the eastern edge of the City of
Waukegan. There is no residential dwelling within 1.0 km
radius of the site. There are approximately 200 homes
within 1.0 mile radius of the western edge of the site.

Within 1.0 mile radius of the site the number of persons
estimated to be present during the day-shift is 4,750 and
night-shift is 2,225. Approximately 20 percent of these
are area residents and 80 percent industrial and
commercial workers.

Most of the residential homes are located northwest of
the site and are inhatited by moderate income famil-es.
The residential property values as well as renter
occupancy and rental values in the vicinity of the site
have been keeping pace with inflation and values in other
residential areas of the city. There has been no
documented adverse impact on the tourism and recreational
activity in the vicinity of the site or in Lake County.

COMMUNITY PERCEPTION

The public interest and invclvement in this site have
been minimal, The City of Waukegan, the Lake County
Health Department and County Environmenta’ Organization
(Lake County Defenders) have expressed interest in tre
site. The expressed concern has been the potential of
airborne asbestos in the immediate vicinity of the site.
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2.1.10

NATURE

PLANNED USE OF SITE

The City of Waukegan Master Plan indicates an open
corridor along the lakefront that includes this site.
The City's long range goal is to use the site for public
recreation. Manville however, plans to continue its
present use.

AND EXTENT OF PROBLEM

2.2.1

WASTE CHARACTERISTICS AND QUANTITIES

There are basfcally three types of wastes present at this
site. These are the process water, the manufacturing
waste materials, and the wet and dried sludge collected
in process water settling basins. Each is described
below:

Process Water

About 4.4 mgd of relatively alkaline process water
containing 1ime precipitates is treated at this site and
recycled through the plant. In the past the process
water flow has been as much as 10.0 mgd. The process
water does not appear to contain any hazardous
substance. Approximately half of the 120-acre disposal
site is occupied by process water settling and filtration
basins {see Figure 2-3).

Manufacturing Waste Materials

These are waste cuttings and ashes from the manufacturing
of roofing materials, pipes, insulating and miscellaneous
products. These wastes comprise the majority of the
remaining 120-acres disposal area including the dikes of
the process water treatment basins. Some of these waste
materials contain encapsulated asbestaos, lead oxide,
ckrome oxide and trace quantities of coal tar
derivatives, None of these ingredients appear to be
readily releasable to the environment. However, asbestos
fibers could be released during crushing and leveling of
some of these materials. Many of the piles of waste
materials are covered with clean soil and sludge removed
from the process water settling basins. There are about
2,000,000 + cubic yards of manufacturing waste materials
deposited on this site and about 20 cubic yards are being
deposited now in the miscellaneocus disposal pit (Figure
2-3) on a typical working week-day.

In addition limited quantities of waste materials
centaining friable asbestos from the
cleaning/decontamination activities at the plant are
deposited in the asbestos disposal pit (Figure 2-3).
These are bagged, labelled and covered with clean soil.
There are about 25,000 + cubic yards of such waste
materials deposited on this site.



2.2.2

2.2.3

Process Water Sludge

This is the sludge removed from the process water
settling basins and deposited in the sludge disposal pit
and on piles of manufacturing waste materials. There are
about 175,000 + cubic yards of sludge deposited at this
site and about £0% of this is deposited in the sludge
disposal pit and about 50,000 + cubic yards is estimated
remaining in the settling basins. The remaining 37,500 +
cubic yards of sludge is deposited on piles of
manufacturing wastes. About 800 to 1,000 cubic yards of
sludge is being deposited in the siudge disposal pit
annually. The sludge is predominantly non-biodegradable
lime sludge. Some of it contains chrome, lead and
asbestos, but none of these contaminants were observed to
be readily releasable to the environment. When the
sludge dries out, there is a potential of release of
asbestos to the atmosphere. Asbestcs dust/fiber could
also be released during excavation and handling of the
dried sludge. However, the bound nature of the asbestos
in the sludge reduces potential asbestos fiber releases
from the dry sludge.

PRESENT CONDITION OF DEPOSITED WASTE MATERIALS

The top surface of the manufacturing waste materials
deposited at this site are covered by combinations of
process water sludge, clean soil and road gravel. The
majority of the sloped surfaces of the banks of waste
materials are not covered with clean fill except those on
the south and east edges of the disposal area. The
deposited waste sheeting materfals and asbestos-cement
pipe pieces are exposed at majority of the dike slopes.
Settling basins have varying depths of sludge and process
water. There is a significant amount of shrubbery and
vegetation growth on the surface and side slopes of the
deposited waste piles.

SOIL CONDITION

Surface, near-surface and sub-surface soil sampling sites
evaluated during remedial investigation are shown in
Figure 2-3. Bulk asbestos content cbserved was below the
limit of quantification (less than 1.0 percent). Thiram
was not detected. Chromium levels were low, mostly less
than 30 mg/kg. However, lead levels were reiatively
high. Some values between 1,000 and 4,700 mg/kg were
found in areas (of Soil Boring # 1,2,3,4 & 6) where solid
wastes have been disposed. These levels of lead were
encountered at varying depths and no definite layering
pattern was observed. Lead levels in the off-site soil
samples were very low, mostly less than 20 mg/kg.

Organic contaminant levels were relatively very low.
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2.2.4 GROUNDWATER AND SURFACE WATER CGNDITION

2.2.5

The location of groundwater and surface water monitoring
is shown in Figure 2-5.

The soil and well boring data indicated that underneath
the deposited wastes is an unconfined water table
aquifer, 22 to 37 feet thick, from west to east of the
site. This aquifer lies over a clay layer which is
reported to be over S50 feet thick and dips from west to
east into Lake Michigan. The observed hydraulic
conductivity of the sands in this aquifer ranged from
46.6 ft/day to 73.4 ft/day and the groundwater at the
site ultimately moves eastward to Lake Michigan. Seepage
from the treatment basins is normal (about 1/4 inch per
day) and is not estimated to migrate in the northerly
direction away from the service water recycling basins.

Traces of lead, barium, copper, arsenic, boron, iron,
manganese and zinc were detected in some of the well
samples. All these compounds as well as chlorides and
sul fates were present in levels below the drinking water
standards. No organic contaminants were observed.
Analysis by electron microscopy identified presence of
asbestos in the range of 6 to 12 million fibers per
liter in the well water samples and 5.5 to 19 million
fibers per liter in the Lake Michigan water samples.
Asbestos fibers greater than 5 microns in length were not
detected in the groundwater samples, and the highest
observed value from all the surface water samples was 1.2
million fibers per liter.

AIR QUALITY

On-site and off-site locations were used for air sampling
for asbestos fiber counts, lead and total suspended
particulates (TSP). The nearest off-site location was in
the residential area closest to the site, approximately
1.0 mile from the site.

Samples for asbestos monitoring were analyzed by
transmission electron microscopy. The majority of fiber
concentrations were close to the detection limit,
although some on-site values were higher than off-site
values. In terms of fibers longer than 5 micrometers,
all concentrations were at or very close to the detection
limit (0.003 fibers/cubic centimeter).

AN on-site observed values for lead were less than 0,08

ug/m3, ghese are significantly lower than those (0.2 to
0.3 ug/m>) observed by Division of Air Pollution Control,
[11inois EPA in the residential anc commercial areas of
Lake and Cook Counties. The highest observed value of
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2.2.6

0.107 ug/m3 of lead was at an off-site location. This

~value is one order of magnitude smaller than the_National

Ambient Air Quality Standard (NAAQS) of 1.5 ug,/m3

The observsd TSP values ranged between 7.2 ug/m3 and
104.0 ug/m”, All TSP va?uss were less than 24-hour
maxigum values of 260 ug/m° (Primary NAAQS), and 150
ug/m> (Secondary NAAQS).

RISK ASSESSMENT

Site access is restricted and there are no residential
dwellings and groundwater drinking supplies within 0.5
mile radius of the site.

The site has some soil contaminated with relatively high
levels of lead. However, due to the alkaline nature of
the wastes disposed at the site, the lead does not appear
to be readily releasable to the environment. Total
suspended particulates and lead levels in the on-site
ambient air are relatively low, and therefore potential
of human and animal exposure to lead through fugitive
dust appears to be low.

Airborne asbestos fiber concentrations on-site, for
fibers of all lengths, are somewhat higher than off-
site. However, all concentrations for fibers longer than
S microns are at or near the detection limit (0.003
fibers/cc). Manville Sales Corporation employees working
on and around the waste disposal area, persons using
recreational facilities near the disposal area, and
wildlife harboring in the vicinity of the site could be
exposed to very low levels of airborne asbestos fibers.

The observed levels of asbestos fiber (5.5 to 19 million
fibers per liter) in the surface water and groundwater in
the vicinity of the disposal area are similar to those
reperted in the literature for tap water and commercial
beverages. Futhermore, asbestos fibers greater than §
microns in length were not detected in groundwater and
the observed values in the surface water were in the
range of 0.2 to 1.2 million fibers per liter., These
vaiues are well below EPA's recently proposed RMCL for
asbestos in drinking water. No carcinogenic or other
effects have been demonstrated to result from injestion
of asbestos fibers in food or water supplies, and there
are no known effects of ambient asbestos fibers on non-
human species. The probable exposure to asbestos fibers
of human and non-human population is low. [t is unlikely
that the asbestos from this site would threaten the use
of Lake Michigan by area residents for recreation and
other purposes.
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2.3

2.2.7

The groundwater at the site appears to be of drinking
water quality in spite of many years of waste disposal
activities at the site. The groundwater appears to move
ultimately towards east to Lake Michigan.

Based on monitoring data collected during and after the
RI, there is no evidence that the contaminants are
migrating from the site.

The off-site migration potential of contaminants from the
site is Tow. The site does not appear to threaten the
existing or future uses of Lake Michigan water,
groundwater, air, and other environmental resources ir
the vicinity of the site.

Therefore, the exposure potential and intended risk to
human health and environmental resources in the vicinity
of the site is considered low.

SITE CONTROL ACTIONS AND THEIR BENEFITS

The friable asbestos wastes are covered with 6" clean
soil cover within 24 hours of dumping. Other solid
wastes are graded and compacted at least once per week.
Bermed disposal pits are used to minimize wind blowing
paper and other light materials. Cyclone fencing is used
to control public access. Dust from the unpaved roads is
suppressed by sprinkling water at least once per week
during the summer months. Some of the waste materials
deposited at this site have heen covered with clean soil
and seeded. The combined benefits of these activities
are believed to be the low levels of on-site airborne
contaminants and the apparent absence of off-site
contaminant migration.

PURPOSE AND OBJECTIVES OF REMEDIAL ACTION

The National 011 and Hazardous Substances Contingency
Plan (40 CFR 300) requires a step-wise identification and
evaluation of potentially feasible alternatives for
remedial action at Superfund sites. The purpose of this
feasibility study is to perform these analyses, therehy
providing Manville and USEPA with the information
required to select the most appropriate, cost-effective,
and environmentally safe method(s) for the prevention of
further contamination and mitigation of existing
contamination at this site.

No initial remedial measures are warranted as there are
no apparent releases of contaminants which pose any
immediate threat to human health, welfare or environment
in the vicinity of this site.
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2.3.1

No release of contaminants into the environment is
observed from the waste disposal area except limited
amounts of asbestos fibers into the ambient air. Further,
these releases have been very low and limited based on
the data collected during the RI.

Based on monitoring data collected during and after the
RI, there is no evidence of off-site migration of any
contaminant from the waste disposal area. Also, no
apparent release of contaminants to surface water and/or
groundwater has been observed. Therefore, the primary
objective of the remedial action is to secure the on-site
waste materials to eliminate or minimize direct contact
and airborne dispersion pathways.

ENVIRONMENTAL CRITERIA FOR REMEDIAL ACTION

In consideration of the potential exposure pathways at
this site a number of site specific assumptions and
environmental criteria have been selected. These are as
follows:

. Since the majority of the 2.2 miilion cubic yards
of waste materials deposited are heterogeneous in
nature, it is assumed that all waste materials and
residues on the disposal area contain varying
levels of asbestos and lead and will need
securing, [t is further assumed that release of
ashestos to the air can occur during grading and
removal of the waste materials.

. 24" cover of compacted clean soil without
vegetation or 6" cover with vegetation is
considered adequate to meet the objective of
minimizing direct contact and airborne dispersion
pathways (40 CFR 61.153), especially since
virtually all the waste materials are in
encapsulated or bound form Freeze-thaw effects
can resylt in the upward movement of asbestos-
containing objects. A minimum of 18" cover with
vegetation will be considered adequate {see
upfreezing cover thickness analysis report
presented in Appendix C) to meet the objective of
minimizing direct contact and airborne dispersion
pathways because of the freeze-thaw effects. In
addition, provisions of SARA have been considered
and a monitoring program for the soil cover to be
mutually agreed upon by USEPA and Manville, will
be developed to attain the new cleanup standards
contained in Section 121 of SARA.

. Any off-site soil containing less than *40 mg/kg

of lead and less than 1% bulk asbestos will be
considered non-polluted.
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(* April 1977 USEPA Dredged Spoil Disposal
Criteria Classification Guidelines For
Great Lake Harbors)

EPA's recently proposed (Federal Register November
13, 1985) RMCL for asbestos in Drinking Water of
7.1 million fibers per liter (for medium and long
fibers i.e. greater than 10 microns in length
Chrysotile asbestos fibers) is selected for non-
contaminated water.

Surficial contaminated soil above the water table
represents a secondary source of groundwater
contamination. Lead contained in these soils does
not pose a significant threat to groundwater
resources because of its relative immobility under
existing aikaline conditions and the bound nature
of lead in the waste materials.

Sub-surface soil below the water table is not
perceived to be a contamination source based on
the Rl sampling and its removal below the water
table will not aid in accomplishing the objectives
of this feasibility study.
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3.0

REMEDIAL ACTION ALTERNATIVE IDENTIFICATION

3.1

3.2

SITE PROBLEMS AND GEMERAL RESPONSE ACTIONS

Detailed site investigations have shown that some of the
manufacturing wastes disposed on the waste disposal area contain
asbestos and lead. However, these contaminants appear to be
bound to other inert manufacturing ingredients in such a way
that these are not being released to the groundwater. On-site
and off-site air quality does not appear to be significantly
impacted or degraded by the release of suspended particulate
matter or lead. Some of the on-site air samples contained

- asbestos fibers at levels somewhat higher than those observed at

the off-site locations.

Some of the asbestos and lead containing waste materials are
exposed at the site and potential of direct contact with the
waste by people and/or wildlife exists. In addition asbestos
and lead are subject to airborne dispersal either by routine
emissions (i.e., fugitive dust) or through waste disposal
activities. However, there has been no apparent release of
contaminants to surface water or groundwater.

Therefore the primary purpose of a remedial action program is to
preclude or diminish the potential for on-site airborne asbestos
emissions and direct contact with waste materials/soil
containing lead. A range of potential alternative remedial
response actions to secure the waste materials deposited on the
site and to eliminate or diminish future exposure pathways are
as follows:

No action
. Soil covering
Capping
. On-site treatment/stabilization
. On-site disposal/landfilling
. Off-site disposal/landfilling

[DENTIFICATION AND SCREENING OF ALTERMATIVE TECHNOLOGIES

A feasible technology for Johns-Manville Waukegan Site is one
which will immobilize or destroy/stabilize asbestos and lead in
the waste materials and soil on this site such that the
potential of asbestos releases to the air and direct contact
with lead contaminated materials is eliminated or minimized.

Surface and near surface waste materials at this site, the most
likely control targets, are relatively non-combustibie and
relatively inert. Therefore, based on the adove criteria and
the characteristics of the waste materials/soil, technologies
1ike chemical detoxification, biological treatment, land



application and incineration are considered to be not feasible
at this site. Remedial technologies considered feasible for
each response action, to address the primary concerns at this
site are summarized below:

1. Soil Covering

. Clearing and grubbing

. Grading wastes

. Placing clean soil cover

. Placing riprap on pond slopes and gravel on
roadways

. Placing top soil and constructing site drainage
ditches

. Revegetation with grasses and shrubs

2. Capping

. Clearing and grubbing

. Grading wastes

. Placing multi-layered cap and placing synthetic
liner in settling basins

. Placing riprap on pond slopes and gravel on
roadways

. Revegetation with grasses and shrubs

3. On-site Treatment/stabilization

Clearing and grubbing

. Grading and segregating wastes
. Placing clean soil cover
. Mixing soil with lime, cement and water
. Spreading and compacting of soil mixtures
. Cement grouting of steep slopes
a4, On-site disposal/landfilling
. Developing area for landfill construction by

grading and preparing subbase

. Installing multi-layer liner
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. Excavating and removing wastes to landfill;
collecting and treating leachate and runoff

. Placing multi-layered cap and closing landfill

. Rebuilding of preccess water treatment basins and
backfilling and grading of site

5. Off-site disposal/landfilling

. Excavating, testing and removing wastes to "roll
of f* boxes

. Transporting to approved disposal facilities

. Rebuilding of process water treatment basins and

backfilling and grading of site.

While each of the technologies outlined abcve has some
applicability at this site, several factors suggest that the
range of appropriate opticns is more restricted. The following
sections describe the alternative technclogies involved in each
of the response actions, including their relative merits in
accordance with the following evaluation factors:

. Technical performance including abiiity to satisfy
environmental standards

. Comparative cost

. Implementability

. Risk

Reliability
. Potential environmental impacts including safety

Table 2-1 summarizes, in matrix format, the relative merits of
alternative technologies in responding to the primary concerns
at this site using a numerical designator for the least
favorable to most favoratle response. Scores of 0 and 4 in the
tables represent the extremes for the alternatives; 0 is the
least favorable and 4 is most favorable. Intermediate values
between 0 and 4 are used to rate an alternative response in
comparison to the other alternatives for related evaluation
factors. Intermediate values are subjective, based on .
experience and engineering judgment, The basis for the scoring
applied in Table 3-1 is described in the following paragraphs.

3.2.1 SOIL COVERING AND CAPPING

Soil covering technology alternative involves
construction of a soil cover over the waste materials
deposited at the site. In addition, a minimum cover of
24" ciean soil on all roadways with an additional 4" to
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EVALUATION
FACTOR

Technical
Performance
Including
Ability To
Satisfy Environ-
mental Standards

 tomparative Cost

Implementa-
bility

Risk

-
Reliability

Environmental
Impacts Including
Safety

TOTAL SCORE

TABLE 3-1

RELATIVE MERITS OF ALTERNATIVE TEQTNOLOGIES
CONTROL OF WASTE SOURCES

ALTERNATIVE SCORE(2)

OFF-SITE ON-sITE(3)

SOIL ON-SITE
CRITERIA COVERING(fl CAPPING STABILIZATION DISPCSAL DISPOSAL
A B
Proven
Technology 2 2 3 0
Degree of Ground
Water Protection
Provided 1 0 3 2
Elimination of
Oirect Contact and
Airborne Dispersion
Pathways 4 4 4 0
Capital Cost 3 4 2 3
Operation and
Maintenance Cost 4 3 3 1
Cost Certainty 4 4 2 1
Effort Required for
Design/Approval 4 4 3 1
Time Required to
Implement and achieve
beneficial results 3 4 3 1
Constructability 4 4 3 1
Long-Term
Liability 1 1 2 0
Risk of Failure 1 1 2 0
Operation and Mainte-
nance requirements 3 3 3 1
Future Site Use 3 3 3 0
Potential Health/Env
Impacts During
Construction 3 4 3 2
Public Acceptance 3 3 ] 0
43 43 43 13

(1) Sources defined as waste materials containing asbestos and lead.
(2) Legend (relative scores):
4 -Most Favorable

3 - Favorable

2 - Intermediate
1 - Unfavorable

0 - Abortive

4 3
4 3
4 4
0 1
0 2
0 1
2 0
1 0
1 0
4 3
4 3
4 0
4 3
0 1
1 2
33 2

(3) Assumes facility/system concurrently developed to handle contaminated soils.
(4) Subalternative A - Minimum 24" cover without vegetation
Subalternative B - Minimum 18" cover with vegetation
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8" thick gravel on all-weather dike roadways, nominal
12" thick riprap on 4" bedding material on interior
slopes of settling basins and groundwater and surface
water monitoring are included in soil covering and
capping response alternatives. Two sub-alternatives are
permitted relative to thickness of soil cover (40 CFR
Part 61.153):

1) Using a minimum of 24" compacted clean soil cover
without vegetation.

2) Using a2 minimum of 6" compacted clean soil cover
with vegetation. However, because of the freeze-
thaw effects the minimum clean soil cover
thickness with vegetation considered adequate is
18“

Capping technology involves multi-layered cap over the
waste materials and a synthetic liner in the settling
basins which is relatively impermeable. Multi-layer cap
involves 30 mils thick synthetic liner, 12" thick sand
and gravel flow zone for flowing away of infiltration
water and 12" topsoil cover with vegetation.

A1l of these alternative technologies will provide
elimination of direct contact and airborne dispersion
pathways and are readily available and straight forward
technologies. The typical advantages of 18" soil cover
with vegetation, as compared to 24" soil cover without
vegetation, and capping, are reduced capital cost, time
required to implement and short-term environmental
impacts because of relatively reduced material

handling. Soil covering sub-alternative technologies
provide limited groundwater protection (relative to
capping) which, however, does not appear to be of primary
concern at this site. Effort required for design and
approvals is similar for the two soil covering sub-
alternative technologies but is significantly less than
that required for capping, on-site and off-site land
filling and on-site stabilization technologies. Off-site
landfilling technology normaliy does not need significant
design/approval effort. However, the large volume of
waste materials to be removed for disposal will require
significant effort in planning waste removal as well as
in finding enough landfill capacity within reasonable
hauling distance, The soil covering sub-alternative
technologies involve somewhat greater lang-term risks
because of the greater vertical migration of
precipitation and absence of a liner beneath the waste
materials to prevent future migration of lead into the
groundwater. Such risks however are minimal at this site
due to the bound nature of lead in the waste materials.



3.2.2

Much of the total inventory of waste and contaminated
materials at this site need not be moved for implementing
soil covering and capping technologies, ‘thereby
decreasing potential airborne asbestos emissions and
accidents resulting from waste material handling.

ON-SITE TREATMENT/STABILIZATION

Many types of contaminated waste materials and soils can
be effectively treated or detoxified using physical,
chemical, or biological techniques. At the Johns-Manville
Waukegan site, the heterogeneity of the waste materials
suggest that on-site treatment techniques may have very
limited applicability. Technology is not readily
available to remove asbestos and lead contaminants from
the waste materials/soil.

The waste materials encountered at the surface and near
surface cf the disposal area are mainly non-combustible
and inert. These can be mixed with clean soil, lime and
cement and stabilized to form a relatively stable cover
which will minimize potential direct contact and airborne
dispersion pathways. The heterogeneous waste materials,
especfally in the dike slopes of settling basins, do not
appear to be amenable to lime and cement-soil
stabilization but appear amenable to stabilization by
cement grouting.

To implement this stabilization technology, a complex
(and costly) on-site waste segregation and processing
system would be necessary. Materials that could not be
stabilized would be sent to the on-site miscellaneous
waste disposal pit. A very significant engineering
design and testing program would be required and the time
of implementation may be relatively lengthy. On-site
stabilization technology alternative is estimated to cost
more than soil covering with vegetation but less than
capping technology alternative.

The long-term risks of stab’lization technology
alternative are more than that of other alternatives.
Failure cof on-site processing systems would result in
large quantities of materia’s being delivered to off-site
facilities or use of other technologies. Future site use
may be relatively encumbered.

Lime and cement soil stabilization will require
disturbing and processing of surface soil and is likely

. to result in enhanced levels of airborne asbestos on a

temporary basis. In addition, the excessive steep slopes
at the site are not very amenable to lime and cement-soil
stabilization and will require more costly cement
grouting. Because materials will be processed at the
site, the enhanced risk of accidents due to stabilization



3.2.3

work on steep embankment slopes, and the routine releases
of environmental contaminants present significant short
term concerns. On-site stabilization will involve
processing of surficial soils and hence increase
potential of higher levels of airborne contaminants and
noise in the vicinity of the site. Therefore, some
public opposition to on-site stabilization of wastes
could also be expected.

ON-SITE DISPOSAL/LANDFILLING

In this technology alternative, the contaminated waste
materials/soil present at the site would be excavated,
loaded and transported to an on-site landfill designed
and constructed specifically for the disposal of Johns-
Manville Waukegan waste materials. In addition, the
process water treatment basins would have to be
reconstructed using clean soil dikes and two feet thick
relatively impermeable compacted clay liner. Using this
approach about 46 acres in the northwest corner of the
Manville Waukegan Plant Property would be developed for
construction of a landfill compliant with all applicable
requlations, and the site waste materials/soil would be
removed from its present location to this landfill. This
alternative uses proven technology for contaminated
wastes and soil disposatl.

The on-site disposal technology alternative is typically
considered attractive when the following conditions
apply:

. The quantity of waste and contaminated soil
is sufficiently large to justify the
design, permitting, and facility
construction costs.

. The type of waste is conducive to land-
filling (e.g., residual solids and
contaminated soils).

. The geologic setting is favorable (e.g.,
approximates that of available commercial
facilitias) relative to the degree of long-
term waste isolation that can be effected.

At this site, the quantity of waste materiais/soil
(about 2.2 million cubic yards) is relatively
large so that the development of an on-site
landfill for these materials alone is cost-
effective.

Site wastes are amenable to landfilling in an on-
site or off-site landfill.



Relative to other available commercial facilities,
the geologic and hydrogeologic conditions at this
site are not optimum for landfill development,
However, the utilization of acceptable engineering
. practices (i.e., dual liner system, above grade
construction) does not preclude the feasibility of
an on-site landfill technology.

The presence of very permeable surficial soils
overlying a shallow aquifer indicates that a
traditional below-grade tandfill could not be
empioyed at this site. Such a facility would need
to be constructed above grade and should include a
dual liner system to minimize off-site contaminant
migration, Use of this design would provide a
degree of long-term waste isolation similar to
that available from commercial landfills,

The capital cost of an on-site landfill technology
alternative is estimated to be less than that for
the off-site disposal alternative. Long-term
monitoring and maintenance costs would be higher
than other alternatives but still less than that
of off-site disposal alternative because of higher
off-site disposal costs of currently generated
waste materials.

The design effort required for the on-site
disposal technology alternative would be much
greater than that needed for the off-site disposal
alternative., Detailed design of the landfill must
account for management of runoff and leachate both
during construction and after the landfill is
completed. Testing of liner and cap materials
would be needed to assure compatibility with waste
materials so that the desired degree of long-term
isolation could be achieved. Attainment of all
required permits for the landfill would also
involve a significant engineering effort.

The engineering efort would delay implementation,
as compared to the off-site dispesal alternative
and the actual construction period would be
longer,

Construction of the landfill, waste removal and
disposal, closure and reconstruction of the
settling basins would require at least four
construction seasons as opposed to two needed for
soil covering or capping.
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Waste disposal in a properly designed and
constructed on-site landfill would involve no
greater long-term risk than disposal in a
comparable off-site facility. However, presence
of permeable surficial soils overlying a shallow
aquifer does increase risk of potential drinking
water source contamination, in case of a liner
failure in the on-site landfill., Land use would
be restricted in the landfill area but more land
would be available along the Lake Michigan shore
because of the removal of deposited waste
materials.

Future manufacturing waste materials, would be
disposed in an off-site landfill or else a portion
of the on-site landfill would be kept active.

Short-term potential environmental impacts during
construction would be increased, as compared to
the off-site disposal alternative, because of air
and noise pollution associated with moving larger
amounts of materials. However, the transportation
of wastes would be greatly reduced, thereby
decreasing risks associated with transportation
accidents. On-site landfilling will result in air
and noise pollution due to moving of large amounts
of contaminated material closer to the existing
residential dwellings. Therefore, some public
opposition to an on-site landfill technology
alternative would be expected.

3.2.4 OFF-SITE DISPOSAL/LANDFILLING

This technology alternative involves similar on-
site wasta/soil excavation and handling as used in
the on-site disposal alternative. The difference
is that existing commercial landfills at off-site
locations would be used for disposal of solid
wastes and contaminated spils. Future
manufacturing wastes, would be disposed in an off-
site landfill. This alternative relies on proven
waste excavation and handling technology. The
off-site disposal alternative would involve a
relatively limited design effort and could be
initiated quickiy. The duration of the actual
removal effort is proportional to the amount of
waste removed. The large quantity of waste
materials to be removed and the reconstruction of
settling basins would require at least three
construction seasons.

Removal of waste from the site limits future
liabilities and has a reiatively small risk of
failure (i.e., not meeting program objectives).



3.3

Some of the site would be released for other uses
and long-term environmental impacts are minimal,
The off-site disposal alternative may not be
favored by the local populace due to increased
waste handling and transportation involved.

During the removal effort, potential environmental
impacts would be related to “"normal" construction-
generated pollution (e.g., noise, dust) and the
release of hazardous pollutants from both routine
and accident conditions. Pctential for exposure
to dust and airborne asbestes fibers would be
maximum for off-site landfilling due to increased
waste handling and transportation involved. A
properly managed and executed operation could
limit such impacts to acceptable levels.

The capital cost associated with waste/soil
removal and disposal is approximately linear. On
a very preliminary basis the cost of excavating,
transporting, and disposing bulk waste/soil is
estimated to be about $27.0 to $30.0 per cubic
yard. In addition, clean soil and liner material
would be required to reestablish process water
settling basins and restoring site to normal
grades. Total cost of this alternative would be
the highest of all of the evaluated technology
alternatives for mitigating the potential impacts
of the contaminated wastes/soil at this site.

DEVELOP REMEDIAL ACTION ALTERNATIVES

In section 3.2 alternative technologies were evaluated using
environmental, public health, technical and cost factors. Each
technology was rated on each factor using a numerical score.
This evaluation has indicated that, for the objectives to be
achieved at this site, on-site stabilization technology is not a
proven technology, involves high risks and 1s less likely to be
accepted dy public due to increased potential of higher levels
of airborne contaminants and noise. The screening of
technologies has indicated that stabilization technology is the
least favorable for this site and soil covering with vegetation
is the most favorable technology for this site (see Table 3-
1). Therefore, the on-site stabilization technology is being
excluded from further considerations for this site.

The following range of remedial action alternatives are
available based on the screened technologies.

. No action
. Grading and seeding
. Soil covering with vegetation
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Soil covering without vegetation

Capping
. On-site landfilling
. Off-site landfilling

A general discussion of the conceptual design, technical,
environmental, public health and cost factors involved in each
of soil covering (a minimum of 18" cover) and vegetation, soil
covering (24" cover) without vegetation, capping, on-site
landfilling and off-site landfilling alternatives is presented
in Section 3.2. The remaining two alternatives are discussed
below:

No Action

This alternative would involve leaving the wastes on the
disposal area in their current state. Under this alternative
some of the lead and asbestos containing waste materials/soil
would remain exposed. The groundwater and surface water would
however be sampled bi-annually and analyzed for lead and other
organic and inorganic water quality parameters to evaluate
future migration potential of lead to groundwater.

The potential of human and wildlife exposure to on-site asbestos
fibers and lead would continue to exist. The -site would there-
fore not meet remedial response objectives and requirements of
Section 105 of The Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA). There may
also be public opposition to this alternative. In the short-
term, there would be considerable savings in the commitment of
natural resources, energy and money. However, in the long-term
the environment and public health may be adversely impacted.

Grading and Seeding

This alternative would involve grading of waste materials/soil
and laying a 3" thick layer of top soil on all surfaces except
the roadways, and top of dikes. All surfaces covered with the
top soil would be fertilized and seeded. In addition, 2 minimum
cover of 24" clean soil on top of dikes, 4" to 8" thick gravel
on all-weather dike roadways and nominal 12" thick riprap on 4"
bedding material on interior slopes of settling basins would be
provided. The groundwater and surface water would be sampled
annually and analyzed for lead and other organic and inorganic
water quality parameters.

This alternative would be expected to diminish the potential for
on-site airborne asbestos emissions and direct contact with
waste materials/soil ccntaining high Tevels of lead but provide
poor groundwater protection. However, 3" top soil cover will
not meet the MESHAP regulation for asbestos dispasal sites (40
CFR Part 61.153). A limited potential of human and wildlife
exposure to asbestaos fibers and lead may continue to exist. The
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3.4

site may therefore not fully meet the remecdial response
objectives and the requirements of CERCLA. There may also be
public opposition to this alternative. In the short-term, there
would be reduced commitment of energy, money and natural
resources due to reduced use of materials as opposed to soil
covering or capping alternatives. However, in the long-term the
environment and public health may be adversely impacted.

SCREENING OF ALTERNATIVES

A two step procedure is used for screening the available
alternatives. Each alternative is evaluated first on the basis
of its environmental and public health impacts. Those which do
not adequately protect the environment and public health are
eliminated. Those providing similar environmental and public
health and welfare benefits are subjected to cost screening.

3.4.1. ENVIRONMENTAL AND PUBLIC HEALTH SCREENING

No Action: Under no action alternative some of the waste
materials/soil, containing lead and acbestos would remain
exposed. Both lead and asbestos fibers can be
carcinogenic to human and wildlife population. However,
there is no current evidence to suggest that the
inorganic lead found at this site is a human or animal
carcinogen. The potential of exposure of Manville
employees, working on the site and wiidlife harboring in
the vicinity of the site, to lead and airborne asbestos
fibers would remain. In the short-term, there would be
considerable savings in the commitment of energy and
other resources.

Groundwater and surface water in the vicinity of the site
do not appear to be contaminated by lead and asbestos and
are not estimated to be impacted because of the
characteristics of the waste materials disposed on this
site. The no action alternative, although it does not
adequately protect the environment or public health and
welfare, will be used for comparison in subsequent
detailed analysis of alternatives to satisfy requirments
of NCP.

Grading and Seeding:

Potential for on-site afrborne asbestos emissions and
direct contact with lead-containing waste materials would
decrease but may not be eliminated. A limited threat of
human and wildlife exposure to asbestos fibers and lead
may continue to exist. The site may therefore not fully
meet the remedial response objectives.

Also adverse short-term impact may occur due to increased
level of airborne asbestos during construction
activities. This adverse impact can be minimized by
using extensive program of wetting material, personal
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monitoring for asbestos, use of warning signs and
appropriate protective health and safety equipment during
construction.

Soil Covering with and Without Vegetation or Capping

Each of these three alternatives would provide adequate
protection to human and wildlife population in the
vicinity of the site.. Capping would provide added
protection to groundwater (which, however, is not of
primary concern at this site). The geological setting of
this site is such that the majority of the infiltration
water along with the settling basin seepage is
intercepted and recycled through the service water lagoon
and the industrial canal. Lead and asbestos contaminants
in the waste materials are in the encapsulated and non-
leachable forms. In view of these observations, the
added benefit of capping (of reduced potential
groundwater contamination) would not off-set its greater
short-term adverse environmental impacts due to increased
material handling.

Each of the three alternatives involves grading and
handling of asbestos and lead containing waste materfals.
In the short-range, this may increase level of airborne
asbestos fibers in the vicinity of the construction’
area. This may have adverse impact on the public health
and welfare on a temporary basis. An extensive program
of wetting these materials, personal monitoring, use of
warning signs and appropriate protective health and
safety equipment during construction would be required to
minimize these short-range adverse public nealth impacts
and 1imit such impacts to acceptable levels.

On-site Landfilling

In the long-term this alternative would provide adeguate
protection to human health and environment in the
vicinity of the site.. It would also protect groundwater
and surface water from potential contamination (which is
not of concern at this site). Because of the longest
implementation time of this alternative, there would be
the createst exposure of public and wildlife to lead,
airborne asbestos, dust and noise. A properly designed
and implemented program involving wetting of waste
matericls, personal monitoring, use of warning signs and
protective health and safety equipment during
construction would be required to minimize the short-term
adverse public health impacts. As compared to off-site
landfilling, the transportation of wastes would be
greatiy reduced, thereby decreasing risks associated with
material transportation accidents. Land use would be
restricted in the on-site landfill area but more land
would be available along the Lake Michigan shore because
of the removal of deposited waste materials.
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3.4.2

0ff-Site Landfilling

The short-term and long-term health and environmental
impacts of this alternative would be similar to that of
on-site landfilling except that the off-site landfilling
alternative would involve somewhat shorter period of
construction generated pollution (e.g. noise, dust) and
greater risk of transportation accidents. A properly
managed and executecd waste removal and hauling operations
could limit short-term adverse impacts to acceptable
levels.

COST SCREENING

Except no action alternative, all the alternatives
would diminish the potential for on-site airborne
asbestos emissions and direct contact with lead
containing waste materials/soil. Grading and
seeding alternative may not fully protect the
environment and public health in the vicinity of
the site.

Soil covering with and without vegetztion and
capping alternatives provide more or less similar
environmental, public health and welfare benefits
for this site. Also, on-site landfilling and off-
site landfilling alternatives more or less
provide similar public health and environmental
benefits.

The estimated capital and operation and
maintenance costs of each of the alternatives are
presented in Appendix A. These costs have been
estimated using vendor estimates and estimates for
similar recent projects. Present worth analysis
of costs has been made using a discount rate of
10% and a performance period of 30 years. A
summary of cost analysis of different alternatives
is presented in Table 3-2. Although the public
health and environmental benefits of soil covering
with vegetation, soil covering without vegeta-
tion and capping are more or less similar, their
present worth costs are $4,086,000; $2,134,040 and
$€7,590,140 respectively. Therefore out of these
three alternatives, only the least cost
alternative of soil covering with vegetation will
be used for detailed analysis. The on-site and
off-site landfilling alternatives, although the
two most costly alternatives, will be evaluated
further because of the NCP requirements.
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Thus the alternatives remaining after the two
stage screening process are as follows:

. No action

. Grading and seeding

. Soil covering with vegetation
. Off-site landfilling

On-site landfilling



TABLE 3-2 SUMMARY OF COST ANALYSIS

COST ESTIMATES ($1,000}

ALTERNATIVE Capital Annual 0 & M Present Worth at 107
. Discount Rate for 30 years

No action 15 33 326
Grading and Seeding 2,615 54 3,124
Soil Covering with

Vegetation 3,624 49 4,086

— S0il Covering without

Vegetation 3,795 36 4,134
Capping 7,128 49 7,590
On-Site Landfilling 38,555 80 29,3949

Off-Site Landfilling 70,565 300 73,393
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4.0

REMEDIAL ACTION ALTERNATIVES

This chapter provides a detailed description of each of the
alternatives which were identified as viable after initial screening.
Based on initial screening, the soil covering with vegetation
alternative is viewed as most appropriate for remedial action (for
securing the waste materials/soil) on this site.

Four alternatives have been devised for mitigating potential adverse
impacts of the contaminated materials/soil at this site. A fifth no
action aiternative has been added to fulfill NCP requirements. These
alternatives are summarized as follows:

. Alternative I: No Action

Involves leaving the waste materials/soil on the disposal area
in their current state, but includes monitoring of groundwater
and surface water.

. Alternative Il: Grading and Seeding

Involves grading of waste materials/scil, adding top soil,
fertilizing and seeding.

. Alternative IIl: Soil Covering with Vegetation

Involves grading of waste materials/soil and laying a minimum of
18" compacted clean soil cover, adding top soil, fertilizing and
seeding.

. Alternative IV: Off-Site Landfilling

Involves excavation, removal, transportation ‘and disposal of
waste materials/soil in an approved off-site landfill.

. Alternative V: On-Site Landfilling

Involves excavation, removal, transportation and disposal of
waste materials/soil in an on-site landfill designed and
constructed specifically for the disposal of Johns-Manville
waste materials/soil.

Each of these alternatives is discussed in detail in the following
sections.

4.1 NG ACTION ALTERNATIVE

Tnis alternative involves leaving the wastes on the disposal
area in their current state and continuation of the present
waste treatment and disposal activities. Obviously this
alternative would not provide control of the potential source of
contamination at this site, and potential of exposure of
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public and wildlife to the lead and asbestos containing wastes
would remain. The groundwater and surface water would however
be monitored bi-annually to detect whether water quality is
degraded in future.

4.1.1 SCOPE OF WORK

Activity to be accomplished under this alternative would
consist of the following:

. Mon{itoring and reporting of groundwater and
surface water quality.

Description of this activity is presented in the
following paragraph.

4.1.1.1 MOMITORING AND REPORTING OF GROUNDWATER AND
SURFACE WATER QUALITY

The surface water and groundwater would be
sampled bi-annually and analyzed for lead and
other organic and inorganic water quality
parameters (such as pH, S04, Nos-N, Cr, Al,
Cl1, specific conductance, total alkalinity
pentachlorophenol and volatile organic
compounds indicated by USEPA Scans 601 and
602). A contingency plan will be developed
to take necessary remedial action in the
event that contaminant concentrations which
would pose a threat to human health and
environment are detected. The duration of
monitoring and reporting of the results to
USEPA would be of the order of 30 years
unless indicated otherwise by prolonged
monitoring. A minimum of eight (8)
monitoring wells (3 north of the site, 3 east
of eastern site boundry, two of which will be
two well clusters, one west and one south of
the site) and three (3) surface water
sampling locations (treatment basins
influent, effluent and industrial canal) as
shown in Figure 2-5 would be monitored.

GRADING AND SEEDING ALTERNATIVE

This alternative involves grading of waste materials/soil and
establishing vegetation. The three active waste disposal areas
would continue to be used for current and future waste
disposal. Written waste handling procedures would be provided
to the staff working at the site for asbestos disposal pit, the
miscellaneous disposal pit, and the sludge disposal pit.
However, the asbestos disposal pit would be closed and provided
with the same cover thickness as the remaining dry disposal

areas in 1989 and any asbestos containing material generated after

closure would be disposed off-site in an approved landfill,
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4.2.1

SCOPE OF WORK

Activities to be accomplished under this alternative
would consist of the following:

. Site preparation and set-up

. Clearing and grubbing and miscellaneous site work

. Grading wastes

. Placing riprap on settling-basin slopes and gravel
on dike roadways

. Placing top-soil and constructing site drainage
ditches

. Re-vegetation with grasses and shrubs

. Support services

. Monitoring and reperting of surface water and

groundwater quality

Site preparation and set-up activities, support services
and monitoring of surface water and groundwater in the
vicinity of the site wouid also be applicable, to a
varying degree, to the grading and seeding, soil
covering, on-site landfilling and off-site landfilling
alternatives. Descriptions cf the actions that would be
taken during each of the identified activities are
presented in the following paragraphs.

4.2.1.1 SITE PREPARATION AND SET-uUP

Prior to implementing waste handling
operations, the site would be prepared for
the work., Site preparation would be needed
to achieve the following objectives:

. Provide a safe work site for personnel
both inside and outside the site
boundaries.

. Procvide environmental controls so that

cortamination is not spread while
accomplishing the remedial action
program,

. Provide facilities so that production
and schedule objectives can be met for
the range of uncertainty for the waste
material to be removed.



4.2.1.2

4.2.1.3

Site preparation activities would include
construction of a temporary fence with
vehicular access gates, establishing site
work zones, and location of support
facilities at the sites (e.g., office
trailers, decontamination faciltities for
material handling equipment, decontamination
and health and safety monitoring trailers).
CLEARING AND GRUBBING AND MISCELLANEOUS SITE
WORK

This would involve cutting of volunteer and
other trees and shrubs growing on the dike
slopes and top of waste piles and removal of
stumps to facilitate site grading. Tree
cuttings and stumps would be buried on site
in the miscellaneous waste disposal pit
and/or in the collection basin or burnad on
site.

The miscellaneous work would involve the
following:

. Clean up of the beach and the
southwest portion of the waste
disposal area.

. Fence (where feasible) on the eastern
site boundry along the elevated area
near the beach.

. Dikes at the depressed areas along the
north side of the industrial canal.

. Additional warning signs along the
waste disposal area boundry fences to
comply with the requirements of
NESHAP. These signs may be removed
after the site has been remediated and
asbestos disposal pit has been closed.

GRADING WASTES

This would involve site grading by using
existing waste materials/soil on the site and
clean fill borrowed from off-site
locations. A1l dikes would have a maximum
slope of 1:2 (one vertical: two
horizontal). All dike roadways would be
about 20 feet wide. All top surfaces would
slope towards settling basins or to
peripheral ditches. It is estimated that
grading would involve about 30,000 cubic
yards of balanced cut and fill and 21,000
cubic yards of borrow-fill.
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4.2.1.5

4.2.1.6

PLACING TOP SOIL AND DRAINAGE DITCHES

The gradec waste materials would be covered
with a minimum of 3" of top soil. Top soil
would be spread on all surfaces except the
roadways and top of dikes.

A1l surface runoff from the site would flow
to process water treatment basins or to the
peripheral ditches. About 11,000 linear feet
of shallow grassed peripheral ditches would
be used to collect and direct all runoff from
this site to the industrial canal. In
addition, the existing northeast ditch and
southeast ditch {at the northeast corner of
the miscellaneous disposal pit) would be
repiaced by buried drainage pipes, filled and
closed and dike seepage would be collected
through the drainage pipes. The northeast
corner of the miscellaneous disposal pit
which is presently open, will be elevated
such that no surface runoff from the pit
would exit from this area.

REVEGETATION WITH GRASS AND SHRUBS

All surfaces covered with top soil would be
fertilized and seeded using hydromulch. The
hydromulch would consist of fertilizer and
9erminated seeds of fast growing arasses
fescue, timothy, reed canary and

bluegrass). In addition, a limited number of
ornamental trees/shrubs would be planted
along the periphery of the site. This
vegetation would increase evapotranspiration,
reduce erosion, increase stability of slopes,
improve site appearance and reduce potential
direct contact and airborne dispersion
exposure pathways.

PLACING RIPRAP ON SETTLING-BASIN SLOPES AND
GRAVEL

One layer of nominal 12" thick lime stone
riprap would be placed (by drop method of
placement) on portions of interior slopes of
settling basins where it is feasible to place
riprap. Suitable bedding material 74" thick)
will be used to prevent erosion of soil
underneath the riprap. All other exposed
intericr siopes of settling basins would be
covered with top soil and fertilized and
seeded.
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A minimum of 24" clean soil cover will be
placed on top of dikes and dike roadways. In
addition, heavily used dike roadways will be
covered with 8" of compacted gravel, and
lightly traveled dike roadways with 4"
compacted gravel, to permit their use during
all seasons.

A contingency plan will be implemented to
ensure that no asbestos-containing sludge is
dredged in the future and disposed on-site.
Tkis contingency plan will include the
discontinuance of dredging activities in the
33-acre settling basin. If any sludge is
removed from the 33-acre settling basin in
the future, it will be tested for asbestos
using USEPA approved methods and disposed of
in accordance with applicabie regulations.

SUPPORT SERVICES

During the construction work, support
services would include security, worker
health and safety protection, and
environmental monitoring. Site security
would be enhanced by the location of a
temporary fence with vehicular access gates
and signs. A security guard at the site is
not needed as the entrance to the plant is
monitored by a security quard. These
security measures would greatly diminish the
possibility of unauthorized personnel
entering the site. During active
construction times, the site might be viewed
as an attractive nuisance from dust and noise
and would be protected accordingly. Active
construction areas would be wetted prior to
grading and handling of dry waste

materials. All soil/bulk materials brought
to the site for construction would be tested
for contamination. One composite sample
would be analyzed out of every 2,000 to 4,000
cubic yards of soil/bulk materials hauled to
the site. Specific criteria for accepting or
rejecting the soil hauled to the site for use
as a cover material will be developed using
the background levels of inorganic lead
and/or asbestos found in the off-site soil
samples. Trucks coming to the site for
delivering soil and other materials would be
spray washed (on out-side) on 2
decontamination pad prior to leaving the site
and the washwater would be drained to
settling basins or peripheral ditches for
treatment and plant reuse.
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A worker health and safety program would ke
employed throughout active construction. At
this time, it appears that Level C protection
would be appropriate for waste handling and
grading activities and level 0 protection for
other activities. Level C protection
includes use of respirators {approved by
NIOSH or Bureau of Mines, Dept of Interior)
coveralls, gloves, foot covering, head
covering and Level D prctection includes all
of above except use of respirators.

Environmental monitoring would be required to
assess airtorne releases of contaminants
during the waste handling and grading
operation. This would consist of the use of
personal samplers, using 0.8 micrometer
porosity filter, in the breathing zone of
workers on the site. Exposure of any worker
would not exceed 8-hr weighted average
airborne asbestos concentration of 0.2
fibers/cubic centimeter and a ceiling
concentration of 10 fibers/cubic centimeter
for fibers longer than 5 micrometers.

4.2.1.8 MONITORING AND REPORTING OF SURFACE WATER
AND GROUNDWATER QUALITY

This would be the same as described in
Section 4.1.1.1 for the no action alternative
except the frequency of sampling would be
once per year. The frequency has been
reduced because of the expected reduction in
infiltration flows and hence potential
contaminant migration from the disposal area,
due to 3" top soil and vegetation. The
duration of monitoring and reporting of the
results to USEPA would be of the order of 30
years unless indicated otherwise by prolonged
monitaoring.

SOIL COVERING WITH VEGETATION

This alternative involves grading of waste materials/soil,
covering with a minimum of 18" compacted non-asbestcs-containing
soil and growing and maintaining a cover of vegetation on the
inactive disposal area. Two variations c¢f this alternative are
also discussed under this remedial action alternative. These
differ from the primary aiternative only in the thickness of the
compacted non-asbestos-containing soil cover. One variation
includes a minimum of 24" cover and the second a minimum of 30"
cover. The three active waste disposal areas {sludge disposal
pit, asbestos disposal pit and miscellaneous disposal pit) would
continue to be used fcr current and future waste disposal,
Written waste handling procedures would te provided to the staff
working at the site for asbestos disposal pit , the
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miscellaneous

disposal pit, and the sludge disposal pit.

However, the asbestos disposal pit would be closed in 1989 and

any asbestos-c

ontaining material generated after closure would

be disposed off-site in an approved landfill,

4.3.1 SCOPE OQF WORK

Activities to be accomplished under this alternative
would consist of the following:

Site preparation and set-up

Clearing and grubbing and miscellaneous site work
Grading wastes

Soil covering and compacting

Placing riprap on settling-basins slopes and
gravel on dike roadways

Placing top-soil and constructing drainage ditches

Revegetation with grasses and shrubs
Support Services

Monitoring and reporting of surface water
and groundwater quality

Descriptions of the actions to be taken during each of
the above identified activities except soil covering and

compact

ing are presented in Sections 4.2.1.1 through

4.2.1.8. Description of actions to be taken under soi)

coverin
paragra

4.3.1.1

g and compacting are presented in the following
ph

SOIL COVERING AND COMPACTING

The graded materials/soil would be covered
with a minimum of 15" or 21" or 27" of
compacted non-asbestos-containing saoil
depending upon the variation selected. Areas
on the southwest and northeast corners of the
site would also be provided with soil

cover, A top soil cover of 3" placed over
the soil cover would provide added cover
thickness and suitable soil for quick growth
of grasses.

OFF-SITE LANDFILLING ALTERNATIVE

This alternati
the entire was
be removed wou

ve calls for the removal and off-site disposal of
te materials/soil at this site. The materials to
td be the materials in the waste piles, sludge pit
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and other disposal pits plus all of the materials in the dikes
of the process water treatment b3sins and the wet sludge in
these basins (Figure 2-5). These wastes are classified as
special wastes but not as hazardous wastes. All waste would be
excavated, loaded and transported to permitted landfilling
facilities for final disposition. The process water treatment-
basins would be rebuilt and monitoring of local groundwater and
surface water would continue to assure that all contributory
sources from the site had been removed and that the ground- and
surface water would not be degraded in the future. In future,
all waste materials/soil generated at the Waukegan facilities
would be disposed in approved off-site landfills.

4.4.1 SCOPE OF WORK

Activities to be accomplished under this alternative
would consist of the following:

. Site preparation and setup

. Waste removal and handling

. Rebuilding of process water treatment basins and
site grading

. Support services

. Monitoring and reporting of groundwater and

surface water quality

Description of the actions to be taken during site
preparation and set-up activities and ongoing support
services are the same as discussed in Sections 4.2.1.1
and 4.2.1.7 for the grading and seeding alternative.
Descriptions of actions to be taken during each of the
remaining activities are presented in the following
paragraphs.

4.4.1.1 WASTE REMOVAL AND HANDLING

Waste removal operations would begin with the
waste materials/soil i1 the waste piles and
disposal pits. Currentiy generated waste
materials/soil woula not be brought to the
site and would be transported directly to
approved off-site landfills., Prccess water
would continue to be treated at the site and
wet sludge would be dewatered at site and
hauled to an approved off-site disposal
facility.

About 20,000 cubic yards of waste materials
and 800 cubic yards of sludge would be
disposed in the off-site landfill annually.



4.4.1.2

Excavation would proceed downward until all
visible waste materials/soil were removed and
natural beach sand was visible. Additional
4" to 6" natural sands would be removed,
stock piled and tested for asbestos and lead
contamination. If the bulk asbestos level
were less than one percent and the lead level
less than 40 mg/kg, then this soil would be
considered non-contaminated and used for
construction of dikes of the process water
treatment basins.

Removal of waste materials from dikes of
treatment basins would require concurrent
construction of treatment basins on land
available after removal of waste materials
from waste piles and disposal pits.

Waste would be loaded and transported from
the site in the bulk solid containers (i.e.,
sealed dump trailers, roll-offs) for specific
waste materials, sludge and friatle asbestos
wastes.

Before leaving the site, all vehicles would
be inspected and decontaminated as necessary
and all waste transportation manifests would
be completed.

An estimated 2.2 million cubic yards of waste
materials/soil would have to be removed for
off-site disposal. These would contain about
25,000 cubic yards of friable ashestos
wastes, 50,000 cubic yards of wet sludge and
125,000 cubic yards of dry sludge.

Commercial landfills are availabie (BFI and
ARF landfills) in Lake County. These are
approved to receive materials from the Johns-
Manville Waukegan site. Available capacity
fn the existing landfills in Lake County to
receive Johns-Manville waste manterials/soil
however is limited. Other alternative
facilities might be located throughout the
Midwest to receive the materials trom this
site, if required.

REBUILDING OF PROCESS WATER TREATMENT
BASINS AND SITE GRADING

Approximately 57 acres of settling basins and
related transfer structures, acces¢ roads and
toe drains would be constructed corcurrent
with waste removal activities. The three
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process water streams would be combined and
pumped to approximately 6 acres of sludge
settling basins with 12' side water depth
(SWD). The effluent from these basins would
flow through another 6 acres of settling
basins with 8' SWD. These would be followed
by 35 acres of settling basins (12' SWD) and
10 acres of polishing basins (8' SWD). The
effluent from the polishing basins would flow
to the existing industrial canal for
recycling. All interior slopes of dikes and
basin bottom surfaces would be lined with two
feet thick clay (laid and compacted in layers
of 6" to 8"). Berms and access roads would
have 8" gravel and remaining exposed surfaces
would be covered with topsoil, fertilized and
seeded. The site would be filled with clean
fill and graded, and surface drains would be
provided for run off collection and discharge
to industrial canal.

The sludge periodically removed from the
sludge settling basins would be dewatered by
using a 2 acre unlined sludge drying basin.
This dewatering method was chosen as this has
been successfully used at this site for many
decades. The dried sludge (estimated about
800 cubic yards per year) would be
periodically removed for off-site disposal in
an approved landfill.

4.4.1.3 MONITORING AND REPORTING OF SURFACE WATER AND
GROUNDWATER QUALITY

Because of the continued use of clay-lined
process water treatment basins, the surface
water and groundwater would be sampled (at
locations such as outlined in Section
4.1.1.1) annually and analyzed for lead and
other organic and inorganic water quality
parameters. The duration of monitoring and
reporting of the results to USEPA would be of
the order of 30 years unless indicated
otherwise by prolonged monitoring.

ON SITE LANDFILLING ALTERNATIVE

This alternative involves removal and disposal of the entire
waste materials/soil to an on-site landfill designed and
constructed specifically for the disposal of Johns-Manville
Waukegan waste materials. The materials to be removed would
include all materials in the waste piles, waste disposal pits,
settling basin dikes and the wet sludge in the settling

basins. A landfill would be constructed on the northwest corner
of the Manville plant property. All wastes would be excavated



and transported to this landfill for disposal, and this portion
of the landfill would be closed. A portion of this landfill
would be kept active for the disposal of all current and future
waste materials from the Manville facilities.

The process water treatment basins would be rebuilt and
monitoring of local groundwater and surface water would continue
to assure that all contributory sources from the site had been
removed and that the groundwater and surface water quality is
not degraded in the future by the process water treatment basins
and the on-site landfill,

4.5.1 SCOPE OF WORK

Activities to be accomplished under this alternative
consist of the following:

. Site preparation and setup

. Developing on-site landfill area

. Installing multi-layer liner

. Waste removal and handling

. Collection and treatment of leachate and runoff

. Placing multi-layered cap for closure

. Rebuilding of process water treatment basins and
site grading

. Support activities

. Monitoring and reporting of surface water and

groundwater quality

Descriptions of actions to be taken during site
preparation and setup, waste removal and handling, and
rebuilding of process water treatment basins and site
grading and support activities are the same as in
sections 4.2.1.1, 4.4.1.1, 4.4,1.2 and 4.2.1.7
respectively. Descriptions of actions to be taken during
each of the remaining activities are presented in the
following paragraphs.

Figure 4-1 shows a plan view, section and liner and cap
details.

4.5.1.1 DEVELOPING ON-SITE LANDFILL AREA
About 46 acres in the northwest corner of the

Johns-Manville plant property would be
cleared and grubbed of all shrubs and

4-12



¢ Ci""! N

o T'ow Breerien o9

l.-uu rree.
-

. ON.SITE
LANOFILL

by i

-~
-
| —

N E'm
— ) S
}—q
B
1

ANASATS

S|T§ MAP
JONNS = M:1I/ILLE DISPOSAL ARCA
."«UK[“N. Lmors

Sone Mgaong § fnm, g - Gt Ropes, Hebgen
.

\ IIM-. Soma lmh/

0 ammewe g w——,

6Ra3$€3 o 3 —.-‘r 590~222¢
Yosson \ \ b ! *
\! ____,._
FLOW 20NE e I , el 77 f:"
T - ]
SYNTREYIC CaAP P‘ e ek ch: """"" N
CONTAMINATED SanOY som/bw ]". S
Contaumi 120 § | — CS—_V-’_W_\' o
/.' : Vasseera/ - é
CAP DETAIL . ! . )
[}
|
[ ] ' )
. ' .
o
[
LEACHATE / 1 ——————b
e ——————ete———
[]
:
WASTE MATENIALS )'

FILTER FaBRiC

CONTAMINATED SANDY SOIL —. ? o - -

, :.OF'-EL’tC'|°~ /{ . ‘
N N " / 2/ [::
| ==

]
SYNTHETIC LINER g . \ [N ' / ' '
SAND AMD CRAVEL —— ,\' oS < . l t
SYNTHETIC LINER e \'(\\'(\\‘l\ i r . * : ——\SAJ-'
SuUBPASE ‘ LEACHATE l " : .
DETECTION '
e~ rees ~ 5=

-
L]

—

(98]

LINER DETAIL

SEL CAP OETANL

WASTE MATERIALS

CLEAN FiLL

3 —t D
\.&/\\S\;\\. K;Kﬁ\“\\\\\ R /
A ) .
’ 7797 PR et s P 7 ,f 20N
CXISTING CROUND SURFACE .

L v
SECTION A-A

{NOT YO SCALE)

SCE LINER DETAl,

FIGURE 4-1|

SCHEMATIC PLAN
SECTION, CAP AND LINER DETAILS

FOR

ON - SITE _LANDFILL




4.5.1.2

4.5.1.3

trees. The tree cuttings and stumps would be
transported off-site for disposal. Low areas
would be filled with clean soil and the site
graded and compacted as a part of subbase
preparation for an above ground landfill,

INSTALLING MULTI-LAYER LINER

A dual liner system, would be used to
minimize off-site contaminant migration and
to provide a degree of long-term isolation
similar to that available from commercial
landfills. The use of dual liner system
would be warranted due to the presence of
permeable surficial soils over a shallow
aquifer at this site.

The liner would consist of dual synthetic
membranes, each 30 mils thick PVC,
sandwiching a leachate detection system. The
leachate detection system would be
constructed by placing perforated four-inch-
diameter polyvinyl chloride (PVC) pipes at
20-foot intervals within a i2-inch blanket of
sand and gravel. The sand would be taken
from the landfill construction site and
blended in proper proportions witg gravel to
achieve a permeability of 1 x 107

centimeters per second.. The leachate
detection system would drain to leachate
detection manholes.

COLLECTION AND TREATMENT OF LEACHATE AND
RUNOFF :

Perforated four-inch-diameter PVC pipes at
20-foot intervals would be placed atop the
upper synthetic liner to collect any leachate
generated. These pipes would be placed
within contaminated sandy soils removed from
the disposal area. The contaminated soil is
sufficiently permeable that a sand and gravel
layer would not be needed for leachate
collection.

The leachate coliection system would drain to
separate leachate ~emovai manholes. Filter
fabric would be placed atop the leachate
collection blanket.

Surface runoff from the landfill would be
collected by properly sloping all surfaces to
peripheral ditches. These ditches would
discharge the collected runoff to the process
water treatment and recycling basins.
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4.5.1.4

4.5.1.5

The collected leachate would be analyzed for
asbestos, lead and other contaminants and
treated for disposal in the treatment basins
or off-site, as appropriate.

PLACING MULTI-LAYERED CAP FOR CLOSURE

When the contaminated waste materials/soil
placement reached the designed level, a layer
of contaminated or clean soil would be placed
over the waste materials and graded to obtain
a relatively smooth surface. A 30 mils thick
PVC membrane would be placed over the
smoothed surface. This membrane would be
covered with one-foot layer of sand free of
sharp objects (taken from the Manville
property or an off-site location) to serve as
the infiltration flow zone. A 12" thick
blanket of top soil would be placed over the
flow zone and fertilized and seeded with
quick growing grasses using hydromulch,

MONITORING AND REPORTING OF SURFACE WATER AND
GROUNDWATER QUALITY

Groundwater and surface water would be
sampled using newly installed monitoring
wells around the on-site landfill and the
monitoring wells and surface water sampling
locations such as outlined in Section
4.1.1.1. The later monitoring locations
would be added because of the continued use
of the clay-lined process water treatment
basins. Samples would be collected annually
and analyzed for lead and other organic and
fnorganic water quality parameters. The
duration of monitaring and reporting of the
results to USEPA would be of the order of 30
years unless indicated otherwise by prolonged
monitoring.



5.0

ANALYSIS OF REMEDIAL ACTION ALTERNATIVES

This chapter provides a detailed analysis of the remedial action
alternatives. Each alternative has been evaluated for technical
feasibility, institutional requirements, public health and
environmental impacts, capital costs and operation and maintenance
costs. It must be noted that the primary objective of a remedial

_action alternative at this site is to secure the contaminant source or
mitigate potential direct contact and airborne dispersion exposure

pathways.

Analysis of alternatives is presented in detail in the following
sections,

5.1 TECHNICAL FEASIBILITY

Technical feasibility of an alternative involves its evaluation
based on the following factors:

. Performance

. Reliability

. Implementability

. Safety (during implementation)

Evaluation of different alternatives based on each of these
factors is presented in the following paragraphs

5.1.1 PERFORMANCE

Performance of an alternative is a measure of its
effectiveness and the length of time for which this level
of effectiveness can be maintained.

Effectiveness of an alternative can be measured in terms
of the level of cleanup it provides relative to the
relevant and applicable contaminant removal standards and
guidelines, or how well it achieves the objectives of the
remedial action.

Four evaluation factors were used to assess relative
performance of alternatives. These are:

. Proven technology
Degree of groundwater protection

Elimination of direct contact and airborne
dispersion pathways

Useful life (time for which level of cleanup can
be maintained)
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No action alternative obviously does not provide any
level of contaminant removal or protection from direct
contact with the contaminants and exposure to the
airborne ashestos fibers. Similarly off-site landfilling
alternative provides the best level of site cleanup
because the contaminants are removed from the site for
ever. However, groundwater contamination is not expected
because the contaminants at this site are not in a
readily leachable form. The on-site landfilling
alternative is considered not as effective as the off-
site landfilling alternative because of the potential
failure of the multi-layer liner in the long-range.
However, the on-site landfilling alternative is
considered more effective than the grading and seeding
and soil covering with vegetation alternatives because of
its added benefit in terms of groundwater protection,
Grading and seeding alternative is expected to minimize ~
potential direct contact and exposure to airborne
asbestos but does not meet the NESHAP regulations of 6"
soil cover with vegetation and does not provide
groundwater protection. It also has relatively lower
useful life,

Soil covering with vegetation alternative or its

variation is expected to eliminate potential direct

contact and exposure to airborne asbestos, and thus =
achieve the primary abjective of the remedial action. It

also provides some groundwater protection.

Technologies involved in the off-site and on-site

landfilling and soil covering with vegetation

alternatives are considered relatively proven and readily
available technologfes based on the current knowledge and
standards. Considering the long-term performance of e
these technologies in meeting the objectives of the

remedial action at this site, the remedial action

alternatives are rated in the following decreasing

preference order:

. 0ff-site landfilling

. On-site landfilling
Soil covering with vegetation
Grading and seeding

. No action

8.2



5.1.2

5.1.3

RELIABILITY

Reliability of an alternative depends upon the following
factors:

. Operation and maintenance reguirement
. Risk of failure or demonstrated performance

Operation and maintenance requirements are the least for
the no action alternative. Operation and maintenance
requirements of off-site landfilling alternative are
second best of all the alternatives as the operation and
maintenance of the off-site landfill is not Manville
responsibility.However, Manville would continue to be
responsible for operating and maintaining the process
water treatment system and monitoring of surface water
and groundwater quality in the vicinity of the site. All
manufacturing waste materials and dewatered sludge from
process water treatment would be removed for off-site
disposal through licensed waste haulers. Operation and
maintenance requirements of the on-site landfilling
alternative are expected to be more than that of grading
and seeding and soil covering with vegetation
alternatives., This is due to operating and maintenance
activities and monitoring of groundwater at two locations
(on-site landfill and process water treatment basins) as
well as required dewatering and disposal of process water
sludge and treatment of leachate.

Risk of failure is the least for the off-site landfilling
alternative as the wastes are removed from the site. On-
site landfilling alternative provides the second best
alternative from the demonstrated performance point of
view., This would be due to securing of the contaminated
waste materials in the on-site landfill by using multi-
layer liner and cap. No action alternative obviousiy is
the least desirable as it does not provide any mitigation
of the potential direct contact and airborne dispersion
pathways. Soil covering with vegetation alternative or
its variation is estimated to have less risk of failure
than grading and seeding because of the added compacted
soil cover provided over the contaminated waste
materials.

IMPLEMENTABILITY

Implementability of an alternative is the relative ease
of its installation and the time it requires to achieve
the desired level of remedial response. It depends upon
the following factors:

. Constructability



5.1.4

. Time required to implement and achieve beneficial
results

Off-site landfills as well as material and equipment
needed to implement soil covering with vegetation,
grading and seeding, off-site landfilling and on-site
landfilling alternatives are available. However, the on-
site landfill construction would require zoning
clearances and applicable local, State and federal
permits. Reconstruction of process water treatment
system would require concurrent removal of waste
materials and construction and operation of process water
treatment basins. Because of these considerations, the
grading and seeding or soil covering with vegetation
alternatives are considered to be more favorable (from
the constructability point of view) than the on-site or
off-site landfilling alternatives.

Time required to implement and achieve beneficial results
includes time required for design and approvals,
construction and start-up time. Beneficial results of
any alternative would be realized as soon as it is
constructed as only source control remedial actions are
being targeted. No action alternative does not require
any new construction and is not likely to show any
beneficial remedial results. Grading and seeding and
soil covering with vegetation alternatives are estimated
to be fully implemented in two construction seasons (1987
and 1988), Because of the large quantities (2.2 million
cubic yards) of waste materials to be removed and
reconstruction of process water treatment system, the
off-site alternative is estimated to be completely
implemented in three construction seasons (1987, 1988 and
1089). On-site landfilling alternative involves
additional time for permits, design and approval, and
construction of the landfill, and therefaore, is estimated
to be implemented in four construction seasons (1987,
1908, 1989 and 1990).

SAFETY

This evaluation involves short-term and long-term threats
to the safety of human paopulation and environment during
implementation of an alternative. Because of the inert
and noncombustible nature of the waste materials, the
fire and explosion risks at this site are minimal.
Hcwever, exposure to airborne asbestos fibers resulting
from on-site construction activities is a potential risk
at this site.

Because of the longer implementation time and handling of
large volumes of asbestos contaminated waste materials,
the on-site and off-site landfilling alternatives have
greater potential for exposure of public and wildlife to
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lead, airborne asbestos, dust and noise than other
alternatives. However, as compared to the off-site
landfilling alternative, the transportation distance in
the on-site landfilling alternative is greatly reduced,
thereby decreasing risks associated with material
transportation accidents. Grading and seeding and soil
covering with vegetation alternatives also have potential
for exposure of public and wildlife to lead, airborne
asbestos, dust and noise. However, because of reduced
time of implementation and reduced level of material
handling, the potential risk is significantly less than
off-site or on-site landfilling alternatives. A properly
managed and executed waste handling, removal and hauling
operations would 1imit the short-term threats of exposure
to lead, airborne asbestos, dust and noise.

In the no action alternative, the potential of short-term
human and wildlife exposure to on-site asbestos fibers
and lead is the least because of absence of construction
activities. In the long-term, all alternatives, except
no action alternative, are expected to eliminate or
reduce potential threat of human and wildlife exposure to
lead and on-site airborne asbestos fibers. However, the
grading and seeding alternative may not adequately
eliminate potential threat of exposure to on-site
airborne asbestos (because of lack of compacted soil
cover) as compared to the soil covering with vegetation
alternative or its variations.

Implementation of any of the alternatives is not expected
to result in long-term threats to the safety of workers,
nearby communities and environments.

SUMMARY OF TECHMICAL FEASIBILITY ANALYSIS

Table 5-1 summarizes, in matrix format, the relative
desirability ¢f 2lternatives in responding to the primary
technical concerns at this site using a numerical
designator for the least favorable to most favorable
response alternative. Scores of 0 and 4 in the tables
represent the extremes for the alternatives; 0 is the
least favorable and 4 is most favorable. Intermediate
values between 0 and 4 are used to rate an alternative in
comparison to the other alternatives for related
evaluation fectors. Intermediate values are subjective,
based on experience and engineering judgment. The basis
for the scoring applied in Table 5-1 is described in
Sections 5.1.1 through 5.1.4,

Based on the scores presented in Table 5-1, the
desirability of the alternatives according to their
technical feasibility, in the decreasing order, is as
follows:

. Soil covering with vegetation or its variation



TABLE 5-1
RELATIVE DESIRABILITY OF ALTERN rxyss
FOR CONTROL OF WASTE SOURCES'!
(TECHNICAL FEASIBILITY)

ALTERNATIVE SCORe(2)

EVALUATION NO GRADING & SOIL COVERING * OFF-SITE ON—SITE(3)
FACTOR CRITERIA ACTION SEEDING WITH VEGETATION  LANDFILLING LANDFILLING
Performance Proven
Technology 0 2 3 4 3

Degree of Ground
Water Protection
Provided 0 1 2 4 3

Elimination of
Direct Contact and
Airborne Dispersion

Pathways 0 2 3 4 3

Useful Life 0 2 3 4 3
Reliability Operation and Mainte-

nance requirements 4 2 2 3 0

Risk of Failure 0 1 2 4 3
Implemen-
tability Constructability 4 3 3 1 C

Time Required to

Implement 4 3 3 1 0

Time Required to

achieve beneficial

results 0 4 4 3 2
Safety Workers 4 3 3 0 1

Neighboring Facilities

& Communities 4 2 2 0 1
TOTAL SCORE 20 25 30 28 19

(1) Sources defined as waste materials containing asbestos and lead (entire waste materials &
sludges)
(2) Legend (relative scores):
4 -Most Favorable
3 - Favorable
2 - Intermediate.
1 - Unfavorable
0 - Abortive
(3) Assumes on-site landfill concurrently developed to handle contaminated soils.
* Relative scores for its variations are same as for the primary alternative

5-6



5.2

. Off-site landfilling

. Grading and seeding
. No action
. On-site landfilling

INSTITUTIONAL RECUIREMENTS

This section includes evaluation of how well different
alternatives comply with applicable or relevant local, state and
federal environmental and public health standards, guidance or
advisories. A discussion of the relevant regulations and levels
of compliance achieved by different alternatives is presented in
the following paragraphs

5.2.1 OVERVIEW OF INSTITUTIONAL REQUIREMENTS

The waste materials/soil at this site contain non-
leachable lead and asbestos and are not classified as
hazardous wastes. These wastes are classified as special
wastes by different governmental agencies as special
requirements exist pertaining to their handling and
disposal. Johns-Manville Waukegan disposal area is a
designated Superfund Site for remedial response to
potential airborne asbestos emissions. In view of these
facts, the following regulations are considered
applicable or relevant.

1) CERCLA established NCP for Remedial Action (4C CFR

300)

2) USEPA Groundwater Protection Strategy (GWPS) and
recommendation under Safe Drinking Water Act
(SDWA)

3) Resource Tonservation and Recovery Act (RCRA)

requirements for facility siting and general
operation of disposal sites (40 CFR Part 257)

4) National Emissions Standards for Hazardous Air
Pollutants (NESHAP) under Clean Air Act (4C CFR 61
Subpart M)

5) OSHA regulations for the protection of workers for
handling asbestos-containing materials {29 CFR
Part 1910)

Local and State governments have requirements that are
compatible with those above for specific site

conditions. Local community input would also be required
prior to selecting an aiternative for implementation.



5.2.1.1

5.2.1.2

5.2.1.3

CERCLA (NCP) COMPLIANCE

According to NCP (40 CFR 300) a remedial
response alternative must mitigate releases
or threat of releases of contaminants which
may present an imminent and substantial
danger to public health and welfare. The
remedial response objective at this site is
to mitigate potential direct contact with the
contaminants and exposure to airborne
asbestos fibers.. The no action alternative
does not meet this objective. Grading and
seeding {s expected to reduce airborne
asbestos emissions and direct contact with
contaminants., However, soil covering with
vegetation alternative or its variation would
provide more effective remedial response
because of the added cover of compacted clean
soils. In comparison to grading and seeding
and soil covering with vegetation alter-
natives, the off-site and on-site landfilling
alternatives would provide added protection
%o groundwater from the possible releases of
ead,

USEPA GROUNDWATER PROTECTION STRATEGY
(GWPS) COMPLIANCE

According to the USEPA guidelines under GWPS,
the groundwater at this site is a Class 2
groundwater. A Class 2 groundwater is a
current or potential source of Drinking
Water. The goal of CERCLA cleanups is a
drinking water quality for all Class 2
groundwater sources.

Proposed RMCL for asbestos in drinking water
is 7.1 million fibers per liter, However,
asbestos fibers greater than 5 microns in
length were not detected in groundwater. The
groundwater quality at this site is of
Orinking Water Quality and does not need
added protection., Therefore, all
alternatives comply with GWPS. However,
because of the use of impermeable liners ,
landfilling alternatives should be preferable
over the grading and seeding, soil covering
with vegetation and no a:tion alternatives.

RCRA COMPLIANCE
RCRA has specific requirements (40 CFR Part

257) for siting and operating solid waste
disposal facilities to minimize adverse

5-8



§.2.1.4

5.2.1.5

5.2.1.6

effects of disposal facilities on health or
the envirorment (which includes surface water
and groundwater). 1n addition, other
sections of RCRA have been considered and
where appropriate incorporated.in the
alternatives. All alternatives comply with
the applicable requirements. However,
because of the use of impermeable liners the
on-site and off-site landfilling alternatives
should be preferable over the other
alternatives.

NESHAP COMPLIANCE

NESHAP requirements for controlling asbestos
emissions from the site are being met for the
operation of the waste disposal pits.
However, the closure requirements of 6"
compacted non-asbestos-containing
material/soil cover with vegetation will not
be fulfilled by the no action and grading and
seeding alternatives. All remaining
alternatives comply with NESHAP requirements.

OSHA COMPLIANCE

OSHA regulations are established to protect
workers handling asbestos-containing
materials. A1l alternatives should comply
with this, However, the off-site and on-site
landfilling alternatives would require
greater period of personal air monitoring
because of larger quantities of material
handling involved.

COMMUNITY REQUIREMENTS COMPLIANCE

Level of community interest in this project
to date has been minimal. Some concerns
expressed have been about the potential
exposure to airborne asbestos emissions from
the disposal area. Therefore, the no action
alternative may not be the most desirable
from the perception of community residents.
Because of the increased short-term potential
of exposure to asbestos fibers of the on-site
and the off-site landfilling alternatives,
the community residents may prefer soil
covering with vegetation alternative or its
variation over other alternatives.
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5.2.1.7 SUMMARY OF INSTITUTIONAL REQUIREMENTS
ANALYSIS

Table 8-2 summarizes, in matrix format, the
relative desirability of alternatives in
responding to the relevant institutional
requirement using a numerical designator for
the Teast favorable to most favorable
response alternative. Scores of 0 and 4 in
the tables represent the extremes for the
alternatives; 0 is the least favorable and 4
is most favorable. Intermediate values
between 0 and 4 are used to rate an
alternative in comparison to the other
alternatives for related evaluation factors.

Intermediate values are subjective, based on
experience and engineering judgment. The
basis for the scoring applied in Table 5-2 is
described in Sections 5.2.1.1 through
5.2.1.6.

Based on the scores presented in Table 5-2,
the desirability of the alternatives
according to their compliance with
institutional requirements, in the decreasing
order, is as follows:

. Soil covering with vegetation or its
variation

. On-site landfilling

. 0ff-site landfilling

. Grading and seeding
No action

PUBLIC HEALTH REQUIREMENTS

This section includes evaluation of different alternatives with
respect to their effectiveness in mitigating threats from
contaminants to human health and environment both during and
after the implementation of the remedial alternatives. A
detailed discussion of the contaminants, routes of migration,
exposure assessment and risk assessment is presented in the
Final Remedial Investigation Report. A summary of the level of
endangerment to human health and environment posed by potential
or actual release of hazardous substances from the site is
presented in Section 2.2.6. An evaluation of the effectiveness
of different alternatives in achieving the relevant
environmental standards or mitigating assessed endangerment is
presented in the following paragraphs.
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TABLE £-2
_RELATIVE DESIRABILITY OF ALTERNATIVES

FOR CONTROL OF WASTE SOURCES (1)
(COMPLIANCE WITH INSTITUTIONAL REQUIREMENTS)

ALTERNATIVE SCORE(2)

EVALUATION NO GRADING & SOIL COVERING * OFF-SITE ON-SITE(3)
FACTOR ACTION SEEDING WITH VEGETATION LANDFILLING LANDFILLING
CERCLA Compliance 0 2 3 4 4
EPA GWPS Compliance 0 2 3 4 4
RCRA Compliance 0 2 3 4 4
NESHAP Compliance 0 1 4 4 4
 OSHA Compliance 4 3 3 0 0
COMMUNITY REQUIREMENTS
Compliance 0 3 4 0 1
TOTAL SCORE 4 13 20 16 17

(1) Sources defined as waste materials containing asbestos and lead (entire waste
materials & sludges)
*  (2) Legend (relative scores):
4 - Most Favorable

3 -~ Favorable

2 - Intermediate
1 - Unfavorable
0 - Abortive

(3) Assumes on-site landfill concurrently developed to handle contaminated soils.
* Relative scores for its variations are same as for the primary alternative
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5.2.1

5.3.2

OVERVIEW OF RELEVANT ENVIRONMENTAL STANCARDS
The following standards are considered relevant for the
evaluation of remedial alternatives at this site.

Lead:

Safe Drinking Water Act, Maximum Contaminant Level
(MCL) = 0.05 mg/1

Clean Air Act, Nat%ona] Ambient Air Quality Standard
(NAAQS) = 1.5 ug/m

Clean Water Act, Water Quality Criteria for Human Health,
Fish and Drinking Water = 50 ug/]l

Clean Water Act, Water Quality Criteria for Human Health,
adjusted for drinking water only = 50 ug/1

(Derived from EPA Water Quality Criteria 45 FR 79318-
79379 November 28, 1980)

Asbestos:

Proposed RMCL of 7.1 million fibers per liter (for medium
and long fibers i.e. greater than 10 microns in length)
by USEPA is the only relevant standard or guideline for
drinking water,

Only relevant asbestos in ambient air standard is NESHAP
“no visible emissions" standard.

Lead level in the air or grcundwater samples was always
less than the standard prescribed to protect public
health, based on RI sampling. No visible emissions of
asbestos from the site have been observed during RI
work, No asbestos fibers longer than 5 microns were
detected in the groundwater and observed values for
surface water were well within the proposed RMCL.

PUBLIC HEALTH EVALUATION

All relevant air and groundwater standards appear to te
met at this site based on RI sampling. However,
potential threat to human health exists from direct
contact with the waste materials or through exposure to
potential airtorne astestos emissions. Under no action
alternative, the potential of exposure of Manville
employees, working on the site, to lead and airborne
asbestos fibers would remain.

Under grading and seeding alternative, the potential for
on-site airborne asbestos emissions and direct contact

- with lead-containing waste materials will decrease but

may not be eliminated. Also, adverse short-term impact
may occur due to increased level of airborne asbestos
emissions during construction activities. Each of the
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5.3.3

soil covering with vegetation, on-site and off-site
landfilling alternatives provides adequate protection to
human health after the implementation of the
alternative, However, in the short-term the off-site
landfilling is estimated to provide greater threat to
public health due to increased material handling and
transportation involved. Short-term potential of human
exposure to lead and airborne asbestos emissions is
estimated to be less for the soil covering with
vegetation alternative or its variation than for the on-
site or off-site landfilling. Each of these three
alternatives will assure compliance with the
environmental standards in the long-term.

SUMMARY OF PUBLIC HEALTH ANALYSIS

Table 5-3 summarizes, in matrix format, the relative
desirability of alternatives in responding to the
relevant public health requirements using a numerical
designator for the least favorable to most favorable
response alternative. Scores of 0 and 4 in the tables
represent the extremes for the alternatives; 0 is the
least favorable and 4 is most favorable. Intermediate
values between 0 and 4 are used to rate an alternative in
comparison to the other alternatives for related
evaluation factors. Intermediate values are subjective,
based on experience and engineering judgment. The basis
for the scoring applied in Table 5-3 is described in
Section 5.3.2.

Based on the scores presented in Table 5-3, the
desirability of the alternatives according to their
compliance with Public Health regquirements, in the
decreasing order, is as follows:

. Soil covering with vegetation or its variation
. Grading and seeding

. Off-site landfilling

. On-site landfilling

. No action
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TABLE £-3

RELATIVE DESIRABILITY OF ALTERNATVES
FOR CONTROL OF WASTE SOURCES (1)
(COMPLIANCE WITH PUBLIC HEALTH REQUIREMENTS)

ALTERNATIVE SCORE(2)
EVALUATION NO GRADING & SOIL COVERING * QFF-SITE ON-SITE(3)
FACTOR ) ACTION SEEDING WITH VEGETATION LANDFILLING LANDFILLIN®

Compliance with Air
Requirements

During Implementation

Lead 4 3 2 0 1
Asbestos 3 3 2 0 1
After Cleanup -~
Lead 0 2 4 4 4
Asbestos 0 2 4 4 4
Compliance with Water
Quality Requirements
During Implementation -
Lead 4 3 2 1 0
Asbestos 4 3 2 1 0
After Cleanup
Lead 0 1 2 4 3
Asbestos 0 1 2 4 3
TOTAL SCORE 16 18 20 18 16

(1) Sources defined as waste materials containing asbestos and lead (entire waste materials
and sludges)

(2) Legend (relative scores):
4 - Most Favorable
3 - Favorable

2 Intermediate

1 - Unfavorable

0 - Abortive :

Assumes on site landfill concurrently developec to handle contaminated soils.

Relative scores for its variations are same as for the primary alternative

(3)

»
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5.4

ENVIRONMENTAL IMPACTS

This section includes environmental assessment of proposed
remedial alternatives. The environmental assessment c¢iscusses
the adverse environmental impacts of the site problems, path-
ways of contamination and an evaluation of the relative
effectiveness of the proposed alternatives in achieving adequate
protection and improvement of the environment.

5.4,1

5.4.2

OVERVIEW OF ENVIRONMENTAL ASSESSMENT

Lead and asbestos-containing waste materials/soil at this
site appear to have not degraded the quality of air,
surface water and groundwater in the vicinity of the site
so as to violate their respective environmental
standards. There has been no documented adverse impact
on the human and wildlife populat:on or residential,
commercial and recreational activities in the vicinity of
the site. Some of the on-site air samples contained
asbestos fibers at levels somewhat higher than those
observed at the off-site locatiors. There has been no
documented discharge of pollutants tc surface and/or
groundwater from the disposal area. In fact, there has
been significant reduction in the process water flows and
quantity of asbestos-containing waste materijals
treated/disposed at this site. Future disposal of
asbestos-containing waste materials is expected to
diminish to insignificant levels and cease by 1989.

There are no known environmentally sensitive resources or
areas such as wetlands, prime and unique agricultural
lands, aquifer recharge zones, archealogical and
historical sites and endangered and threatened species,
in the vicinity of the site.

EVALUATION OF ALTERNATIVE RESPONSES

The environmental affects of alternatives have been
divided into the following two categories:

. Beneficial effects
. Adverse effects
A discussion of primary (direct) and secondary (indirect)
effects of proposed alternatives under these two
categories are presented in the following paragraphs.
5.4.2.1 BENEFICIAL EFFECTS

Three evaluation factors were considered to

evaluate beneficial effects of
alternatives. These are as follows:
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5.4.2.2

Changes in the release of contaminants
and final environmental conditions

. Improvements in the biological
environment
. Improvements in resources people use.

Under no action alternative, there will be no
change fn the environmental conditions on the
site, biological environment and resources.
In the short-term, there will be considerable
savings in the commitment of energy and other
irreversible resources. Grading and seeding
will diminish the potential for on-site
airborne asbestos emissions and direct
contact with waste materials/soil containing
lead and asbestos. There will be an
improvement in the site air quality after the
implementation of this alternative, A
1imited amount of improvements in the
biological environment and resources in the
vicinity of the site are estimated from the
implementation of grading and seeding or soil
covering with vegetation alternatives.
Improved vegetation and shrubbery is likely
to increase productivity of wildlife
harboring in the area, as well as improve
aesthetics of the site for Manville employees
working on the site and public wusing Lake
Michigan beach.

Soil covering with vegetation or its
variation will eliminate potential direct
contact and airborne asbestos exposure
pathways and also provide some groundwater
protection. On-site and off-site landfilling
alternatives will eliminate potential direct
contact and airborne asbestos exposure
pathways as well as provide protection to
groundwater and surface water from potential
contamination by leached lead, if any is ever
present. Also more land will be available
along the Lake Michigan Shore because of the
removal of depaosited waste materials in the
on-site or off-site landfill alternative.

ADVERSE EFFECTS

Two evaluation factors were considered for
adverse effects of alternatives, These are
as follows:

. Effects of remedial construction and
operations on sensitive environmental
areas and resources people use



. Effectiveness of mitigating measures
employed during construction and
operation to minimize adverse
environmental impacts.

Because of the longest implementation time of
on-site landfilling alternative, there would
be longer exposure of public and wildlife to
lead, airborne asbestos, dust and noise. A
properly desigred and implemented program
involving wetting of waste materials,
personal monitoring, use of warning signs and
protective health and safety equipment during
construction would be required to minimize
the short-term adverse public health

fmpacts. As compared to off-site
landfilling, the land use would be restricted
in the on-site landfill area because of the
irreversible commitment of land. The use of
this land may also adversely impact the
productivity of the wildlife in the area.
On-site landfilling alternative also requires
irreversible commitment of large amounts of
energy and other resources. The mitigating
measures employed during waste handling and
construction of activities should minimize
potential exposure to airborne asbestos
emissions during implementation of different
alternatives.

The short-term and long-term adverse
environmental impacts of off-site landfilling
alternative would be similar to that of on-
site landfilling except that the off-site
landfilling alternative will involve somewhat
shorter period of construction generated
pollution (e.g. noise, dust) and greater risk
of transportation accidents. A properly
managed and executed waste removal and
hauling operations would limit short-term
adverse impacts to acceptable levels as
discussed earlier,

In the short-term, grading and seeding as
well as soil covering with vegetation
alternatives may increase level of airborne
asbestos fibers in the vicinity of the
construction area. This may have adverse
impact on workers on a temporary basis. The
adverse impact however, will be much less
than that from on-site and off-site
landfilling alternatives because of reduced
material handling involved. In the long-
term, no action and grading and seeding

alternatives would provide limited protection



5.5

to groundwater. Soil covering with
vegetation or its variation would provide
greater groundwater protection due to
reduction in the infiltration flow.

In the no action alternative, the potential
of exposure of Manville employees working on
the site and wildlife harboring in the
vicinity of the site, to lead and asbestos
fibers, will remain for a long time.

5.4.3 SUMMARY OF ENVIRONMENTAL ANALYSIS

Table 5-4 summarizes, in matrix format, the relative
desirability of alternatives with respect to their
environmental impacts using a numerical designator for
the least favorable to most favorable response
alternative. Scores of C and 4 in the tables represent
the extremes for the alternatives; 0 is the least
favorable and 4 is most favorable. Intermediate values
between 0 and 4 are used to rate an alternative in
comparison to the other alternatives for related
evaluation factors. Intermediate values are subjective,
based on experience and engineering judgment. The basis
for the scoring applied in Table 5-4 is described in
Sections 5.4.2.1 and 5.4.2.2.

Based on the scores presented in Table 5-4, the
desirability of the alternatives according to their
environmental impacts, in the decreasing order, is as

follows:

. Soil covering with vegetation or its variation
. Grading and seeding

. Off-site landfilling

. No action

. On-site landfilling

COST ANALYSIS

This section includes estimates of capital and operation and
maintenance (0 & M) costs for remedial action alternatives. A
present worth analysis as well as a sensitivity analysis
(sensitivity of cost estimates to changes in assumptions) of
these costs are also presented to facilitate relative comparison
of proposed alternatives on the basis of their capital and 0 & M
costs.



TABLE 5-4
RELATIVE DESIRABILITY OF ALTERNATIVES
FOR CONTROL OF WASTE SOURCES (1)
(BASED ON ENVIRONMENTAL IMPACTS)

ALTERNATIVE SCORE(2)

EVALUATION NO GRADING & SOIL COVERING * OFF-SITE ON-SITE(3)

FACTOR ACTION SEEDING WITH VEGETATION LANDFILLING LANDFILLING
Beneficial Effects
Final Environmental

Conditions 0 1 2 4 3
Improvements in Biological

Environment 1 3 4 2 0
Improvements in Human Use

Resources 0 1 2 4 3
Adverse Effects
Construction/Operation 4 3 3 0 1
Mitigating Measures 4 3 3 0 1

8

TOTAL SCORE 9 11 14 10

(1) Sources defined as waste materials containing asbestos and lead (entire waste materials

and sludges)
(2) Legend (relative scores):
4 - Most Favorable

3 - Favorable

2 - Intermediate
1 - Unfavorable
0 - Abortive

(3} Assumes on site landfill concurrently developed to handle contaminated soils.

* Relative scores for its variation are same as for the primary alternative

5-19



5.5.1

5.5.2

5.5.3

5.5.4

COSTING METHODOLOGY

A preliminary conceptual design of an alternative was
used to estimate the equipment, labor and material
requirements of each of the tasks required to implement,
operate and maintain that alternative. Major contractors
and vendors in the Waukegan, I1linois area were contacted
for unit and lump sum costs, as appropriate. These costs
were further adjusted to reflect site conditions using
bids on similar recent projects.

This site is being operated and maintained for
treatment/disposal of process water and manufacturing
waste materials by Manville staff. Therefore, the costs
assocfated with operation and maintenance of any remedial
action alternative are the estimated increment in the
present operation and maintenance costs. All1 O & M cost
estimates have been prepared using this approach.

CAPITAL COSTS

Estimated capital costs of the proposed remedial action
alternatives are presented in Appendix A. These cost
estimates are based on 1986 dollars. These include
direct (construction) costs and indirect (non-
construction and overhead) costs. The indirect costs
included are for design engineering, construction
management and contingencies (for change orders and other
unforeseen circumstances). None of the alternatives
involve phasing of work. The estimated capital costs
vary from $15,000 for the no action alternative to
$70,565,000 for the off-site disposal alternative.

OPERATION AND MAINTENANCE COSTS

Estimated annual 0 & M costs of each of the proposed
remedial action alternatives based on 1986 dollars, are
presented in Appendix A. These include labor, material,
energy and surface water and groundwater monitoring costs
as well as allowance for administrative and contingency
expenses. The estimated annual 0 & M costs vary from
$32,000 for the no action alternative to $300,000 for the
off-site disposal alternative. A significant portion of
the latter is due to future off-site disposal of waste
materials generated at the plant.

CASH FLOW REQUIREMENT

Cash flow requirements over the life of each of of the
remedial action alternatives is presented in Appendix A,
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5.5.5

5.5.6

5.5.7

PRESENT WORTH ANALYSIS

A present worth figure represents the amount of money,
that, if invested in the base year and disbursed as
needed, would be sufficient to cover all costs associated
with the remedial action alternative over its planned
life. Present worth analysis was made using 1986 as the
base year and a discount rate of 10% and the planned life
(period of performance) of 30 years. Present worth
analysis for each of the proposed remedial action
alternatives is presented n Appendix A. The present
worth varies from $32€,090 for the no action alternative
to $73,393,100 for the off-site disposal alternative.

SENSITIVITY ANALYSIS

A sensitivity analysis assesses the effect that
variations in specific assumptions associated with the
design, implementation, operation, discount rate, and
effective 1ife of an alternative can have on the
estimated cost of the alternative. Based on the
examination of the capital and 0 & M costs of proposed
alternatives two assumptions were varied for sensitivity
analysis. An analysis based on a discount rate of 4% and
an effective 1ife of 15 years is presented in Table 5-
5. This analysis shows that the relative present worth
of the proposed remedial action alternatives is not
sensitive to the discount rate and/or effective life
assumptions.

SUMMARY OF COST ANALYSIS

A summary of cost analysis of alternatives is included in
Table 5-5. The on-site and off-site landfilling
alternatives are the two most costly alternatives. 0 & M
costs of alternatives are relatively small compared to
their capital costs except for the no action

alternative, Present worth cost of soil covering with
vegetation alternative or its variation is more than that
of grading and seeding alternative but significantly less
than those of off-site and on-site disposal alternatives.

Table 5-6 summarizes, in matrix format, the relative
desirability of alternatives with respect to their cost
analysis using a numerical designator for the 'east
favorable to most favorable response alternative. Scores
of 0 and 4 in the tables represent the extremes for the
alternatives; 0 is the least favorable and 4 is most
favorable. Intermediate values between 0 and 4 are used
to rate an alternative in comparison to the other
alternatives for related evaluation factors.
Intermediate values are subjective, based on experience
and engineering judgment. The basis for the scoring
applied in Table 5-6 is the cost analysis data presented
in Table 5-5 and cost certainty judgement.
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PRESENT WORTH ANALYSIS OF ALTERNATIVES

TABLE 5-5
Alternative Cost Estimates ($1,000) Present Worth ($1,000)
Capital 04 M 15 Year Life 30 Year Life
43 (1) 10% (2) 4% (3) 10% (4)
1. No action 15 33 382 266 586 326
2. Grading and Seeding 2,615 54 ’ 3,215 3,025 3,549 3,124
3. Soil Covering
with vegetation (18" cover) 3,624 49 4,169 3,996 4,471 4,086
3a. Soil Covering
with vegetation (24" cover) 4,026 49 4,571 4,398 4,873 4,48¢
3b. Soil Covering
with vegetation (30" cover) 4,427 49 4,972 4,799 5,274 4,889
4, O0Off-site landfilling 70,565 300 73,899 72,843 75,753 73,393
5. On-site landfilling 38,555 80 39,444 39,162 39,938 39,309
Ranking (Lowest to Highest
Cost Alternative) 1,2.3, 1,3,3a,3b, 1,2,3,3a, 1,2,3,3a, »253,32, 1,2,3,3a,
3a2,3b,5,4 2,5,4 5,4 3b,5,4 3b,5,4 3b,5,4
(1) Present worth factor for 15 years = 11.113 at 4%
(2) Present worth factor for 15 years = 7.593 at 10¥
(3) Present worth factor for 30 years = 17,292 at 4%
(4) Present worth factor for 30 years = 9.427 at 10%



TABLE 5-6
RELATIVE DESIRABILITY OF ALTERNATIVES

FOR CONTROL OF WASTE SOURCES (1)
(BASED ON COST ANALYSIS

ALTERNATIVE SCORE(2)

EVALUATION NO GRADING & SOIL COVERING OFF-SITE ON-SITE(3)
FACTOR ACTION SEEDING WITH VEGETATION  LANDFILLING  LANDFILLING
- 18" 24" 30"
CAPITAL COST 4 3 3 2 2 0 1
OPERATION AND
MAINTENANCE COST 4 3 3 3 3 0 2
COST CERTAINTY 3 3 3 3 3 0 1
TOTAL SCORE 12 o 9 8 8 0 5

(1) Sources defined as waste materials containing asbestos and lead (entire waste materials
: and sludges)

(2) Legend (relative scores):

- Most Favorable

Favorable

Intermediate

Unfavorable

Abortive

ssumes on site landfill concurrently developed to handle contaminated soils.

O N
]

(3)
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Based on the scores presented in Table 5-6, the
desirability of the alternatives according to their cost
analysis, in the decreasing order, is as follows:

. No Action

. Grading and seeding

. Soil covering with vegetation or its variation
. On-site landfilling

. Off-site landfilling
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6.0

SUMMARY OF ALTERNATIVES AND RECOMMENDATIONS

Five alternatives were selected, after initial screening of available
alternatives, for contaminant source control remedial response. The
primary objective of the remedial action alternatives at this site is
to mitigate potential direct contact and airborne asbestos dispersion
pathways. Scope of work in each of these alternatives was discussed in
details in Section 4.0. These alternatives were evaluated for
technical feasibility, institutional requirements, public health and
environmental impacts, capital and operation and maintenance costs.
Details of these evaluations are presented in Section 5.0. The
following paragraphs present a summary of alternatives and results of
their analysis pointing out their relative advantages and
disadvantages. Also included is the recommended alternative along with
the basis for its selection.

6.1 SUMMARY OF ALTERNATIVES

The following five alternatives were selected after screening of
available alternatives using public health and environment
impacts and cost screening.

1. No Action
This alternative involves leaving the wastes on the
disposal area in their current state. The groundwater
and surface water would however be monitored bi-annually
to assure that water quality is not degraded in future.

2. Grading and Seeding

This alternative involves grading of waste materials/soil
and laying a 3" thick layer of top soil on all surfaces
except the roadways and top dikes. All surfaces covered
with top soil would be fertilized and seeded. In
addition, a minimum cover of 24" clean soil on top of
dikes, 4" to 8" thick gravel on all-weather dike
roadways, nominal 12" thick riprap with 4" thick bedding
on interior slopes of settling basins would be provided
where it is feasible to place riprap. The groundwater
and surface water would be sampled annually and analy:zed
for lead and other organic and inorganic water quality
parameters. The three active waste disposal areas would
continue to be used for current and future waste
disposal. MWritten waste handling procedures would be
provided to the staff working at the site for asbestos
disposal pit, the miscellaneous pit, and the sludge
disposal pit. However, the asbestos disposal pit would
be closed in 1989, In future, any asbestos-containing
waste generated would be disposed off-site in an approved
facility.



Soil Covering With Vegetation

This alternative ‘and its variations involve grading of
waste materials/soil, covering with 15" to 27" (depending
on the variation) compacted non-asbestos-containing soil
and laying a 3" thick layer of top soil on all surfaces
except the roadways and top of dikes. All surfaces
covered with top soil would be fertilized and seeded. In
addition, a minimum cover of 24" clean soil on top of
dikes, 4" to 8" thick gravel on all-weather dike
roadways, nominal 12" thick riprap with 4" thick bedding
on interior slopes of settling basins would be provided
where it is feasible to place riprap. The groundwater
and surface water would be sampled annually and analyzed
for lead and other organic or {norganic water quality
parameters. The three active waste disposal areas
(sludge disposal pit, asbestos disposal pit and
miscellaneous disposal pit) would continue to be used for
current and future waste disposal. Written waste
handling procedures would be provided to the staff
working at the site for asbestos disposal pit, the
miscellaneous disposal pit, and the sludge disposal

pit. However, the asbestos disposal pit would be closed
in 1989, In future, any asbestos-containing waste
generated would be disposed off-site in an approval
facility.

Qff-Site Landfilling

This alternative involves removal and off-site disposal
of the entire waste materials/soil at this site. These
would include all materials in the waste piles, sludge
pit and other disposal pits plus all of the mater‘als in
the dikes of the process water treatment basins and the
wet sludge in these basins. These wastes are classified
as special wastes but not as hazardous wastes. Ir this
alternative all waste would be excavated, loaded and
transported to permitted landfilling facilities for final
disposition. The process water treatment-basins would be
rebuilt and monitoring of local groundwater and surface
water would continue to assure that all contributory
sources from the site had been removed and that the
groundwater and surface water is not degraded in the
future by the process water treatment basins. In future,
all waste materials/soil generated at the Waukegan
facilities would be disposed in approved off-site
landfills,

On-Site Landfilling

This alternative involves removal and disposal of the
entire waste materials/soil tc an on-site landfill
designed and constructed specifically for the disposal of
Johns-Manville Waukegan waste materials. These would
include all materials in the waste piles, waste disposal
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6.2

pits, settling basin dikes and the wet sludge in the
settling basins. A landfill would be constructed on the
northwest corner of the Manville plant property. All
wastes would be excavated and transported to this
landfill for disposal, and this portion of .the landfill
would be closed. A portion of this landfill would be
kept active for the disposal of all current and future
waste materials from the Manville facilities.

The process water treatment basins would be rebuilt and
monitoring of local groundwater and surface water would
continue to assure that all contributory sources from the
site had been removed and that the groundwater and
surface water quality is not degraded in the future by
the process water treatment basins and the on-site
landfill.

SUMMARY OF ANALYSIS OF ALTERNATIVES

A summary of analysis of each of the five alternatives for
technical feasibility, institutional requirements, public health
and environmental impacts, capital and 0 & M costs is presented
below:

1. No Action

The potential of human and wildlife exposure to on-site
asbhestos fibers and lead would continue to exist. The
site would not meet remedial response objectives and
requirements of CERCLA and NESHAP regulation for asbestos
disposal sites. There may also be public opposition to
this alternative. In the short-term, there would be
considerable savings in the commitment of natural
resources, energy and money. However, in the long-term
the environment and public health may be adversely
impacted.

No action is the least Capitél and 0 & M costs
alternative. :

2. Grading and Seeding

This alternative is technically feasible and would be
expected to diminish the potential for on-site airborne
asbestos emissions and direct contact with waste
materials/soil containing lead. However, it would provide
poor groundwater protection and 3" top soil cover would
not meet the NESHAP regulation for asbestos disposal
sites. A limited potential of human and wildlife
exposure to asbestos fibers and lead may continue to
exist. The site may therefore not fully meet the
remedial response objectives and the requirements of
CERCLA. There may also be public opposition to this
alternative. Adverse short-term impacts on public health
and environment may occur due to increased level of



airborne asbestos during constructions activities,
However, these adverse impacts would be less than those
for on-site and off-site landfilling alternatives. In
the short-term, there would be reduced commitment of
energy, money and natural resources due to reduced use of
materials as opposed to soil covering or other
alternatives. However, in the long-term the environment
and public health may be adversely impacted.

Grading and seeding alternative has the second lowest
present worth cost of all the alternatives.

Soil Covering With Vegetation

This alternative or its variation uses readily available
and proven technology and is expected to eliminate the
potential for on-site airborne asbestos emissions and
direct contact with waste materials/soil containing lead
and asbestos. In addition, prpvisions of SARA of 1986
have been considered and a monitoring program for the
soil cover, to be mutually agreed upon by USEPA and
Manville, will be developed to attain the new cleanup
standards contained in Section 121 of SARA. This
alternative or its variation meets NESHAP requirement for
asbestos disposal sites as well as the remedial response
objectives of CERCLA. This alternative or its variation
would also provide some protection to groundwater from
potential contamination by leachable lead although less
than that by on-site or off-site landfilling
alternatives. However, the groundwater contamination is
not of primary concern at this site because of the
presence of lead in the encapsulated and not readily
leachable forms.

Adverse short-term impacts on public health and
environment may occur from this alternative or its
variation due to increased level of airborne asbestos in
the vicinity of the construction area. However, these
adverse impacts would be less than those of on-site and
off-site landfilling alternatives. An extensive program
of wetting waste materials, personal monitoring, use of
warning signs and appropriate protective health and
safety equipment during construction would minimize these
short-term adverse impacts.

In the short-term, there would be reduced commitment of
energy, money and natural resources as opposed to on-site
and off-site landfilling alternatives. In the long-term,
there would be improvements in the biological environment
and resources in the vicinity of the site..

This alternative or it variation has relatively low

capital and 0 & M ceosts as compared to off-site and on-
site landfilling alternatives.
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Qff-Site Landfilling

This alternative uses readily available and proven
technologies but relies on the available landfill
capacity in the existing landfills in the Waukegan
area. The available capacity relative to the disposal
needs of this site is limited. In the long-term, this
alternative would provide adequate protection to human
health and environment in the vicinity of the site.

It would also protect groundwater and surface water from
potential contamination by leachable lead, if eny is ever
present. Because of the relatively longer impiementation
time and greater risks of transportation accidents of
this alternative, there would be longer exposure of
public and wildlife to lead, airborne asbestos, dust and
noise as compared to sotl covering with vegetation
alternative. In the long-term, this alternative would
make available more land along the Lake Michigan Shore.

This alternative involves large commitment of energy,
money and commercial landfill capacity and has the
highest Capital and 0 & M costs of all the alternatives.

On-Site Landfilling

This alternative is technically feasible. Its short-term
and long-term health and environmental impacts would be
similar to that of off-site landfilling except that the
off-site landfilling alternative involves longer
transportation distances. On-site landfilling has the
longest implementation time of all the alternatives and
hence greater construction generated pollution (e.g.,
noise, dust). On-site landfilling alternative would
provide adequate contaminant source control including
groundwater protection. This alternative wouid involve
the use of land near the on-site landfill location and
may adversely impact the biological environment in the
area.

This alternative involves relatively large commitment of
energy, money and resources and has second highest
Capital and O & M costs of all the alternatives.

RECOMMENDED ALTERMATIVE

A summary of costs, public health, environmental, technical and

community response concerns for each of the remedial action

alternatives is presented in Table 6-1. Also included in this

table is the total score of each alternative obtained by adding
alternative analysis scores from Tables 5-1 through Table 5-4
and Table 5-6.
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TABLE 6-1 REMEDIAL ACTION ALTERNATIVE EVALUATION SUMMARY

Greater short-term
airborne asbestos

(1) Using 10 discount rate and 10 years effective Vife.

of lead migration,
large commitment
of resources, may
fmpact biological
productivity of
wildlife

(2) -Recommended alternative for remedial action (18" cover soi) thickness).

tmplementa- acceptable
tion time,

landfill siting
approvals

required

Community Composite
Public Health Enviromental Technical Response Score From
Alterpative Cost (§1,000) Concerns Concerns Concerns Concerns Analysis
Capital Present
Worth(1l)
Mo Action 15 326 Lead 8 ashestos Limited protection - May not be 61
: exposure for migration to acceptadle
groundwater.
Airborne asbestos No contamination
documented
Grading and 2,615 3,124 Limited exposure Limited improvements May be 76
Seeding to lead and for lead migration to acceptabdle
asbestos groundwater
Improved Yandscape
Soil Covering 3,624 4,086 Eliminates Limited improvements - Acceptable 9
with Vegtation(2) exposure to lead for lead migration to
and asbestos groundwater, fmproved
landscape and biological
productivity of wildlife
Soi) Covering 4,026 4,488 Eliminates Limited fmprovements Acceptabdle 92
with 24° Cover exposure to lead for lead migration to
and asbestos ?roundunter. improved,
andscape and biological
productivity of wildlife
Soil Covering 4,427 4,889 Eliminates Limited improvements Acceptabdle 92
with 3C* Cover exposure to lead for lead migration to
and asbestos groundwater, {mroved,
Vandscape and biological
productivity of wildlife
off-Site 70,565 73,393 Eliminates Eliminates Longer May not bde 12
Landfilling - exposure potential of lead implementa- acceptable
Greater short-term lLarge comittment Large
airborne asbestos of resources quantities
of waste
On-Site 38,555 39,309 Eliminates exposure Minimal potential tonger May not be 64



Considering technical feasibility, public health and
environmental impacts, fulfillment of institutional requirements
and present worth costs, the soil covering with vegetation with
18" thick soil cover is the most desirable alternative for this
site. The two variations of this alternative although have
public health and environment impacts similar to that of the
primary alternative (18" soil cover) but require increased
commitment of energy, monetary and other resources.

This alternative involves appropriate treatment and disposal
technologies that meet CERCLA and NESHAP requirements. In
addition, provisions of SARA have been considered and a
monitoring program for the soil cover, to be mutualiy agreed
upon by USEPA and Manvilie , will be developed to attain the new
cleanup standards contained in Section 121 of SARA.

This alternative involves shorter implementation time as well as
lesser commitment of energy, money and other resources compared
to on-site or off-site landfilling alternatives. No special
studies or permits or approvals are needed for its
implementation and no off-site disposal or temporary storage of
contaminated waste is required. This alternative also provides
some protection to groundwater from potential contamination of
leachable lead and includes groundwater monitoring. However,
the groundwater contamination is not of primary concern at this
site because of the presence of lead in its encapsulated and not
readily leachable forms.

It has less adverse public health and environmental impacts
during implementation than on-site and off-site landfilling
alternatives and is estimated to benefit the landscape and
wildlife around the disposal area.

The adverse impacts on public health and environment that may
occur during implementation are due to increased level of
airborne asbestos, dust and noise pollution. However, these
adverse impacts will be mitigated through limiting access to
active construction area, wetting the active construction area
prior to grading and waste handling, monitoring workers for
exposure to airborne asbestos and using Level C protection (use
of respirators, coveralls, gloves, foot and head covering)
during grading and waste handling.

This alternative has relatively low operation and maintenance
requirements. The current Manville O & M Staff is somewhat
familiar with the 0 & M requirements of soil covering with
vegetation alternative. Groundwater and surface water sampiing
and analysis will be performed by independent consulitants. The
Manville staff is capable of maintaining vegetation (grasses and
shrubs) proposed under this alternative.

Soil covering with vegetation alternative using a total of 18"
thick cover is therefore recommended for remedial action at this
site. It is estimated to have a Capital cost of $3,624,170 and
an annual 0 & M cost of $49,000 and is estimated to be
implemented by the end of 1988. A preliminary implementation
schedule is presented in Table 6-2.
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TENTATIVE DATE

January 13, 1987
January, 1987
February, 1987

February, 1987

March, 1987
April, 1987
May, 1987
May, 1987

December, 1988

TABLE €-2 PRELIMINARY IMPLEMENTATION SCHEDULE
FOR THE RECOMMENDED ALTERNATIVE

DESCRIPTION OF TASK

Submit revised feasibility study report
Public notice for comments
Receive public notice comments

Complete plans and specifications for
recomnended remedial action alternative

Advertise for bids
Receive bids

Award Contract
Start construction

Complete construction



APPENDIX A

ESTIMATED CAPITAL,
OPERATION & MAINTENANCE COSTS,
PRESENT WORTH CALCULATIONS
AND
CASH FLOW REQUIREMENTS
OF
REMEDIAL ACTION ALTERNATIVES



ALTERNATIVE I: NO ACTIOM
COST ESTIMATES

Estimated Capital Cost

Estimated annual Operation and Maintenance Costs:

Groundwater and surface water monitoring
(twice/year)

Admimistrative and contingency costs

TOTAL OPERATION & MAINTENANCE COSTS

Present Worth Analysis:

Present worth of capital cost
Present worth of Operation & Maintenance Cost*

TOTAL PRESENT WORTH

* Based on a discount rate of 10% and a performance period of 20 years.

$15,000.00

$28,000.0C

5,00C.00
$33,000.00

$15,000.00

$311,090.00

$326,090.00



ALTERNATIVE II: GRACING AND SEEDING
COST ESTIMATES

1. Estimated Capital Costs:
Unit Total
[tem Units Quantity Cost Cost
(%) ($)

Mobilization, set-up, & other

fixed costs (1) LS Job 75,000 75,000
Clearing & Grubbing Acre 70 500 35,000
Excavation & Grading

Balance cut & fill cy 20,330 6.00 182,000

Extra Fill cY 21,000 65.00 126,000
Roadways Cover Soil cy 26,000 7.00 182,000
Top Soil (Min. 3" thick) cY 28,000 9.00 252,0C0
Gravel Roadways

Heavy Traffic Roadways

(8" gravel over 24" cover) LF 8,400 20.00 162,000

Light Traffic Roadways

(4" gravel over 24" cover) LF 9,200 5.00 46,000
Drainage Structures

Northeast Ditch LS Job 55,000 55,000

Southeast Ditch LS Job 31,000 31,000
Slope Protection

Settling Basins SY £,100 13.00 79,30C

Paper Mill Effluent and

Flex Board Effluent

Catch & Mixing Basins SY €,100 13.00 79,300

Collection Basin SY 1,200 13.00 15,600

East Ditch (Upstream Face) LS Job 25,000 25,000

East Ditch (Downstream Face) LS Job 50,000 - 50,000
Drainage

Cike Drainage

(French drains with filter

fabric) LF 2,000 21.00 42,000
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ALTERNATIVE II:  GRADING AND SEEDING

Unit Total
Item - Units Quantity Cost Cost
($) ($)
Drainage Ditches LF 11,000 4.C0 44,000
Misc . Drainage Structures LS Job 10,000 - 10,0CC
Hydromulch AC 70 3,000 210,000
Pond -dredging & misc
site cleanup (2) LS Job 200,000 200,000
Water sprays for dust
suppressing Day 125 400 £0,000
Sub-Total $1,957,200
Engineering LS Job 120,000 120,000
Construction Management
Including chemical analysis
of borrowed fill & top soil LS Job 300,000 300,000
Sub-Total $2,377,200
Contingencies (10%) 237,720
TOTAL CAPITAL COST $2,614,920
2. Estimated Annual Operation & Maintenance Costs:
Groundwater and Surface Water Monitoring
(once/year) $14,00C
Labor & Material for Soil Cover and Vegetation
and roadway maintenance 20,000
Administrative & Contingency Costs 10,000
TOTAL OPERATION & MAINTENANCE COST $54,000
3. Present Worth Analysis:
Present Worth of Capital Cost $2,614,020
Present Worth of Gperation & Maintanence Cost 509,080
TOTAL PRESENT WORTH $3,123,980

- (1) Includes temporary fencing, security , health & safety & environmental monitoring
and decontamination facilities for heavy equipment.

(2) Includes fencing along eastern site boundry, additional signs, beach cleanup and
black ditch piping up to existing 1ift station.
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ALTERNATIVE IIl:  SOIL COVERING WITH VEGETATION

COST ESTIMATES

1. Estimated Capital Costs:

Item

Mobilization, set-up, & other
fixed costs (1)

Clearing & Grubbing
Excavating & Grading
Balance cut & fill
Extra Filt
Roadways Cover Soil
Cover Soil (15" thick)
Top Soil (3" thick)
Gravel Roadways
Heavy Traffic Roadways

(8" gravel over 24" cover)

Light Traffic Roadways
(4" gravel over 24" cover)

Drainage Structures
Northeast Ditch
Southeast Ditch

Slope Protection
Settling Basins

Paper Mill Effluent &

Flex Board Effluent

Catch & Mixing Basins
Collection Basin

East Ditch (Upstream Face)

East Ditch (Downstream Face)

Unit Total
Units Quantity Cost Cost
($) ($)
LS Job 80,000 80,000
Acre 70 500 35,000
cYy 30,330 6.00 182,000
cY 21,000 6.00 126,000
cy 26,000 7.00 182,000
cYy 125,000 6.50 812,500
cy 28,000 e.00 252,000
LF 8,400 20.00 168,000
LF 9,200 5.00 46,000
LS Job §5,000 55,000
LS Job 31,000 31,000
SY €,100 13.00 79,300
SY 6,100 13.00 79,300
SY 1,200 13.00 15,600
LS Job 25,000 25,000
LS Job 50,000 50,000

A-4



ALTERNATIVE IIl:  SCIL CUVERING wlTrk VEGETATIUH

Unit Total
{tem Units Quantity Cost Cost
($) (3
Drainage
Dike Drainage
(French Drains with filter
fabric) LF 2,000 21.00 42,000
Drainage Ditches LF 11,000 4,00 44,000
Misc Drainage Structures LS Job 10,000 10,000
Hydromulch AC 70 3,000 210,000
Pond dredging & misc
site cleanup (2) LS Job 200,000 200,00¢
Water sprays for dust supressing Day 125 400 50,000
Sub-Total $2,774,700
Engineering LS Job 120,000 120,000
Construction Management
Including chemical analysis
of borrowed fill & top soil LS Job 400,000 400,000
Sub-Total $3,294,700
Contingencies (10%) 329,470
TOTAL CAPITAL COST $3,624,170
2. Estimated Operation & Maintenance Costs:
Groundwater and surface water monitoring
(once/year) $14,000
Labor and material for soil cover and vegetation
and roadway maintenance 25,000
Administration and Contingency Costs 10,000
TOTAL OPERATION & MAINTENANCE COST $49,000
3. Present Worth Analysis:
Present Worth of Capital Cost $3,624,170
Present Worth of Operation & Maintenance Cost 461,920
TOTAL PRESENT WORTH $4,086,090
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ALTERNATIVE I[[:  SOIL COVERING WITH VEGETATION

(1) 1Includes temporary fencing, site security, health & safety & environmental
monitoring., and decontamination facilities for heavy equipment.

(2) Includes fencing along eastern site boundry, additional s1gns, beach cleanup ar
black ditch renovation and monitoring well installation.

ALTERNATIVE III: DEVIATIONS -
The operation and maintenance cost of the deviations is estimated to be the
same as for the primary alternative. The estimated capital costs of the 24"
cover and 30" cover alternatives are as follows: -

(1) 24" Cover Alternative

Added construction cost of 6" addittsna1 cover soil o
(50,000 cu.yd. 0%$6.50/cu yd) $325,000

Added construction management o 40,000
Added contingencies o 36,500
Sub-Total ~%401,500
Capital cost of the primary alternative - 3,624,170
Total Capital Cost - $4,025,6/0
Present worth of capital cost - 4,025,670
Present worth of 0 & M cost - 461,920
TOTAL PRESENT WORTH ~$4,487,590
(ii) 30" Cover Alternative - _ ~

Added construction cost of 12" additional cover soil -
(100,000 cu.yd. @ 6.50/cu yd) $650,000C
Added construction management '*' 80,000
Added contingencies o 73,000
Sub-Total $803,000
Capital cost of the primary aiternative - 3,624,170
Total Capital Cost ' $3,427,170
Present worth of capital! cost o 4,427,170
Present worth of 0 & M cost N 461,920
TOTAL PRESENT WORTH o $4,889,090
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ALTERNATIVE IV:

COST ESTIMATES

1. Estimated Capital Costs:

I[tem
Mobi1fzation, setup, & other
fixed costs (2)

Excavation, loading, transportation
& disposal of wet sludges (3)

Excavation, loading, transportation
& disposal of waste materials/soil

Replacement of 57 acres of
settling basins

Clay

Soil

Seeding

Gravel Roads
Surface Drains
Misc Structures(4)

Grading & Placement of Clean
fill & top soil on recovered areas
Sub-Total

Engineering

Construction Management
Sub-Total
Contingency (10%)

TOTAL CAPITAL COST

OFF-SITE LANDFILLING 1)

Unit Total

Units Quantity Cost Cost

($) ()
LS Job 250,000 250,000
cYy 50,000 5.00 250,000
¢y 2,150,0cCC 27.00 58,050,000
cy 185,000 10.00 1,850,000
Cy 180,000 7.00 1,260,000
LS Job 50,000 5C,00C
LS Job 100,000 100,000
LS Joh 50,000 50,000
LS Job 100,000 100,000
cYy 50,000 7.00 350,000
$62,310,000
LS Job 400,000 400,000
LS Job 1,440,000 1,440,000
$64,150,000
6,415,000

——————

$70,565,000



ALTERMATIVE IV:  OFF-SITE LANDFILLING

Unit Total
[tem Units Quantity Cost Cost
($) )
2. Estimated Operation & Maintenance Costs:
Groundwater and surface water monitoring
around settling basins {once/year) $10,000
Added Labor, material & off-site disposal costs of
waste materials generated at the Waukegan plant and
maintenance of settling basins 240,000
Administration and Contingency Costs 50,000
TOTAL OPERATION AND MAINTENANCE COST $300,000
3. Present Worth Analysis:
Present worth of Capital Cost $70,565,000
Present Worth of Operation & Maintenance Cost 2,828,100
TOTAL PRESENT WORTH $73,393,100

(1) Of entire waste materials and sludges. '

(2) Includes temporary fencing, site security, health and safety,
environmental monitoring, and decontamination facilities for heavy
equipment.

(3) Wet sludge from settling basins.

(4) Includes monitoring wells.



ALTERNATIVE V:  ON-SITE LANDFILLING
COST ESTIMATES

1. Estimated Capital Costs:
Unit Total
Item Units Quantity Cost Cost
(%) - ($)
Mobilization, setup & other fixed
costs (1) LS Job 250,000 250,000
Land cost & permits LS Job 108,000 108,000
Clearing & grubbing Acres 50 3,000 150,000
Fil1l in landfill area cy 180,000 5.00 900,000
Filter Fabric SY 225,000 1.40 315,000
Synthetic Membrane Liners SY 450,000 4,00 1,800,000
Sand & gravel for leachate
detection system cy 80,000 7.00 560,000
Piping for leachate collection/
detection systems LF 200,000 £.50 1,100,000
Leachate collection/detection
manholes Each 10 1,500 15,00¢C
Excavation & placement of
waste materials & sludge cy 2,200,000 9.60 21,120,C0C
Transportation & disposal
of leachate & runoff Gal 1,000,00C 0.08 20,000
Synthetic Membrane Cap SY 250,000 4,00 1,000,000
Flow Zone (Sand & Gravel) Cy 90,000 7.00 630,000
Topsoil ' cY 90,000 9.00 810,000
Seeding & mulching SY 270,000 0.60 162,C00
Permanent Fencing LF 6,000 15.00 80, c0e
Grading & placement of clean
fill & top soil on recovered areas CY 50,000 7.00 350,000
Construction of 57 acres of settling
basins & miscellaneous structures
as in Alternate IV LS Job 3,410,000 3,410C,CCC
Sub-Total $32,850,000



ALTERNATIVE v:  ON-SITE LANDFILLING

Unit Total
Item Units Quantity Cost Cost
- ($) ()

Engineering LS Job 600,000 600,000
Construction Management LS Job 1,600,000 1,600,000
Sub-Total $35,050,000
Contingency (10%) 3,505,000
TOTAL ESTIMATED CAPITAL COST $38,555,000
2. Estimated Annual Operation and Maintenance Costs:

Groundwater & surface water monitoring $28,000

(once/year)

Labor & material for maintenance of

vegetation & gravel roads 25,000

Added operation & maintenance cost of disposal of

waste materials & process water sludge on the new

landfill 15,000

Administration & contingency costs 12,000
TOTAL OPERATION & MAINTENANCE COST 80,000
3. Present Worth Analysis

Present Worth of Capital Costs $38,555,000

Present Worth of Operation & Maintenance Cost

using a present worth annuity factor of 9,427

for 10% discount rate over 30 years 754,160
TOTAL PRESENT WORTH $39,309,160

(1) Includes temporary fencing, site security, health and safety, and

environmental monitoring.
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ALTERNATIVE VI:  SOIL COVERING WITHOUT VEGETATION
(Eliminated During Initial Screening)

COST ESTIMATES

1. Estimated Capital Costs:
: Unit Total
Item Units Quantity Cost Cost
($) ($)

Mobilization, setup & other
fixed costs ‘1) LS Job 80,000 80,500
Clearing & grubbing Acre 70 500 35,000
Excavation & Grading

Balance cut & fill cY 30,330 6.00 182,000

Extra Fill cY 21,000 6.00 126,000
Roadways Cover cY 26,000 7.00 182,000
Cover Soil (21" thick) cY 175,000 6.50 1,137,50C
Top Soil (3" thick) cY 22,000 9.00 252,000
Gravel Roadways

Heavy Traffic Roadways

(8" gravel over 24" cover) LF 2,400 20.00 1€8,000

Light Traffic Raodways

(4" gravel over 24" cover) LF 9,200 5.00 46,000
Drainage Structures

Northeast Ditch LS Job 55,000 £5,000

Southeast Ditch LS Job 31,00C 31,000
Slope Protection

Settling Basins SY 5,100 13.00 79,30¢C

Paper Mill Effluent & Flex

Board Effluent Catch &

Mixing Basins SY 6,100 13.00 79,300

Collection Basin SY 1,200 13.00 15,600

East Ditch (Upstream Face) LS Job 25,000 25,000

East Ditch (Down Stream Face) LS Job 50,000 50,000
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ALTERNATIVE VI:

Item

Drainage
Dike Drainage
(French Drains with
Filter Fabric)
Drainage Ditches
Misc Drainage Structures

Pond Dredging & misc site
cleanup (2)

Water Sprays for Dust Supressing
Sub-Total

Engineering

Construction Management
Including chemical analysis of
borrowed fill & top soil
Sub-Total

Contingencies (10%)

TOTAL CAPITAL COST

2. Estimated Annual Operatio

SOIL COVERING WITHOUT VEGETATION

Groundwater & surface wat
Labor & material for soil
Administration & Contigen
TOTAL OPERATION & MAINTENANCE CO

3. Present Worth Analysis:

Present Worth of Capital
Present Worth of Operatio
TOTAL PRESENT WORTH
(1)
(2)

and black ditch renovation

Unit Total
Units Quantity Cost Cost
($) {3)
LF 2,000 21.00 $42,000
LF 11,000 4.00 44,000
LS Job 10,000 10,000
LS Job 200,000 200,000
Day 125 400 50,000 b
32,889,700
LS Job 120,000 120,000
LS Job 440,000 440,000
$3,449,700
344,970
$3,794,670
n & Maintenance Costs: -
er monitoring (once/year) $14,000
cover & roadway maintenance 15,0C0
cy Costs 7,000
ST $36,000
Cost $3,794,670
n & Maintenance Cost 339,370
34,134,040

and monitoring well installation.
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e -nrPING
(S1iminated During Initial Screening)

COST ESTIMATES

1. Estimated Capital Costs:
Unit Total
Item Units Quantity Cost Cost
. ($) - ($)

Mobilization, setup & other
fixed costs (1) LS Job 100,000 100,000
Clearing & grubbing Acre 70 500 35,000
Excavation & Grading

Balanced cut & fill cy 30,330 6.00 182,c00

Extra fill cY 21,000 6.00 126,000
Roadways Cever Cy 26,000 7.00 182,000
Cover Soil (€" thick)
underneath synthetic liner
on waste materials cYy 50,000 7.00 350,000
Gravel Roadways

Heavy traffic roadways

(8" gravel over 24" cover) LF 8,400 20.00 168,000

Light traffic roadways

(4" gravel over 24" cover) LF 9,200 5.00 46,000
Synthetic liner in settling basins '
and over cover soil SY 832,000 4.0 2,128,000
Flow Zone Sand Cy 100,000 7.00 700,000
Top Soil (12" thick) cy 100,000 9.00 20¢, 000
Slope protection

Settling basins SY 6,100 13.00 79,300

Paper Mill effluent & Flex

Board effluent Catch &

Mixing basins SY 6,100 13.00 79,300

Collection Basin SY 1,200 13.00 15,600

East Ditch (upstream face) LS Job 25,000 25,000

East Ditch (downstream face) LS Job 50,000 50,000
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ALTERNATIVE VII:  CAPPING

Unit Total
[tem Units Quantity Cost Cost
- ($) ($)

Drainage

Drainage ditches LF 11,000 4.00 44,000

Misc drainage structures LS Job 10,000 10,000
Hydromulch AC 70 3,000 210,0¢C0
Pond dredging &
misc site cleanup (2) LS Job 200,000 200,000
Water sprays for Dust
suppressing Day 125 400 50,000
Sub-Total $5,680,200
Engineering LS Job 200,000 200,00C
Construction Management
Including chemical analysis of
borrowed fill & top soil LS Job €00,000 600,000
Sub-Total $67480,200
Contingencies (10%) 648,020
TOTAL CAPITAL COST 37,128,220
2. Estimated Annual Operation and Maintenance Cost

Groundwater & surface water monitoring (once/year) $14,000

Labor & material for topsoil, vegetation & roadway

maintenance 25,000

Administrative & Contingency costs 10,000
TOTAL OPERATION & MAINTENANCE COST 49,000
3. Present Werth Analysis:

Present Worth of Capital Cost $7,128,220

Present Wcrth of Operation & Maintenance Cost ' 461,920
TOTAL PRESENT WORK $7,590,140

(1) Includes temporary fencing, site security, health & safety & environmental
monitoring, and decontamination facility for heavy equipment.

(2) Includes fencing along eastern site boundry, additional signs, beach clean,
up and black ditch renovation and monitoring well installation.
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_o“"u %"1 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
§

REGION §
230 SOUTH DEARBORN ST.
.‘d CHICAGO, ILLINOIS 60684
u ‘ REPLY TO THE ATTINTION OP
SHE-12
Yy 1'1 2%

Marvin Clumpus

Project Coordinator
Manville Service Corporation
P.0. Box 5108

Denver, Colorado 80217

Re: The Johns-~ianville Waukegan Disposal Area
Dear Mr, Clumpus:

The U.S. Environmental Protection Agency (U.S. EPA) disapproves the draft
Feasibility Study (FS) for the above-mentioned facility. The FS can only
be finalized after the U.S. EPA and the I11inois Environmental Protection
Agency's (IEPA) questions and comnents are addressed appropriately. This
Tetter represents the collective comments of both agencies.

Page 1-1, Second Paragraph:

The statement that on-site air quality does not appear to be affected by

releases of asbestos is incorract. The fact thdat asbestos concentrations

were higher on-site than off-site indicates that there is an fmpact on air
© quality.

Page 2-1, Section 2,1.2:
A statement made here implies that there §s presently no asbestos being
deposited at Johns-Manville (J-M); this contradicts the statement on page

2-5, paragraph one that J-M receives limited quantities of friable asbestos
waste.

. Page 2-9:

Supply the basis for the statement that this site is perceived as a minimal
threat to the environment, N

Page 2-11, Section 2.2.1:
Over time, doesn’'t sludge dry out and release asbestos?

The quantitfes given on this page do not add up. The ?aragraph states that
S0% of the 175,000 cubic yards of sludge is deposited in a disposal pit and

50,000 cubic yards {s deposited in a settling basin., The remaining 37,500
cubic yards should be accounted for.

.;V
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Page 2

Page 2-12:

The statement that "fibers longer than S wicrons are the ones generally
associated with health risk® is inconsistent with the U.S. EPA's position

that asbestos fibers of all lengths present some degree of health risk.
The FS report must reflect the Agency's position on this issye,

Page 2-14:

The levels o? asbestos in the groundwater and surface water should be
reported for fibers of all lengths, not just for those greater than 5 microwt.

Page 2-15, Second Paragraph:

The statement that "There is no migration of any contaminant from the site”
should be amended to read “Based on monitoring data collected during and
after the RI, there is no current evidence that contaminants are migrating
from the site.®

Page 2-16, First Paragraph:

It should also be stated that lead is released from the disposal area to amb
atr, even though monitoring data have shown that the quantity released is sma:’

Page 2-17:

If the subsurface soils below the water table were not sampled, what is th
basis for the statement that subsurface sofl 1s not a contamination source?

Page 3-1:

The statement that on-site air quality {s not impacted by the release of
lead or asbestos is incorrect; elevated levels of these contaminants have
been detected,

Pages 3-9 and 3-10:

Justification should be provided for the statement that on-site landfilling
and on-site stabilization technology are not 1ikely to be accepted by the
public. :

Pages 3-12 and 5-2:

There 1s no current evidence to suggest that the inorganic lead found at the
J-M Disposal Site {s a human or animal carcinogen. The toxic properties of
lead should be described.

It is {incorrect to state that protection of groundwater {s not of concern



Page 3

at the site; therefore, groundwater monitoring is required to ensure that the
lead does not migrate., It is also incorrect to state that the lead and
asbestos contamtnants are encapsulated and in 3 non-leachable form: elsewhere
in the report, it is indicated that there is friable asbestos at the site

and that the lead 1s “not in a readily leachadble® form,

Page 4-2, Section 4.1.1.1:

Specify which specific "other inorganic water quality parameters® will be
collected and analyzed under the monitoring program,

Page 4-3, Section 4,2.1.3:

Burning of grubbed trees and roots may be better than burying, since the
possibility of soil piping after decomposition is thus eliminated.

‘Page 4-4, Section 4,2.1.3:

IEPA recommends a maximum dike slope of 1:3.
Page 4-4, Section 4.2.1.3 and 4.2.1.4:

The description of grading and drainage near the waste disposal pits needs
to be clarified. The report seems to suggest that runoff will be channeled
into the disposal pits. It would be more appropriate to reduce infiltration
through these areas by directing runoff away from the disposal pits,

Page 4-5, Section 4.2.1.6:

The 1imestone riprap should be large enough that it does not move (i.e. 8-
12" diameter, drop method of placement).

Page 4-5, Third Paragraph:

The plan to test the soils brought to the site for contamination is a good
one. Specific criteria for accepting or rejecting the soil can be defined
at a later time,

Page 4.6, First Paragraph:

The OSHA standards for asbestos are reported incorrectly 1n the first
paragraph. The numbers are correct, but the units should be fibers per
cubic centimeter.

Page 4-6 Section 4.2.1.9:

Trucks cuming on-site to deposit fill should be sprayed off on a

decontamination pad prior to leaving the site, and wash water should be
dratned to basins on-site.

B-3



Page 4

Page 4-9, Section 4.4.1.2:

It 1s recommended that slurry impoundments that are deep, not wide and
shallow, be built, Have future electrolysis methods been considered in
dewatering of slurry impoundments?

Page 4-13, Section 4,5.1.3:

The leachate collection system should drain into a catch basin, and the
leachate detection system should drain into a separate catch basin.

The shaped surface of the waste material and the sand from on or off-site
to be used for the infiltration area should be free of sharp objects
which could puncture the synthetic liner,

Page 5-6, Table 5-1:

It is incorrect to 1ist the No Action Alternative as the most favorable
alternative for criteria such as operation and maintenance requirements,
constructability, time required to implement, and safety to workers and to
neighboring facilities and communities.

Page 5-7, First Numbered Item:

Information appears to be missing here; 1t is not clear why the Clean Water
Act is mentioned since 1t {s not included in the subsequent discussion.

Page 5-8, Section 5.2.1.3:
Additional sections of RCRA may be relevant and appropriate (although not
legally applicable) to the remedial alternatives that are proposed. These

sections would include portions of Subparts G (Closure and Post-Closure)
and N (Landfills) of 40 CFR Parts 264 and 265.

Page 5-10, Table 5-2:

The score of "zero" for "OSHA Compliance" for the Tandfilling alternatives
1s questionable, "

There is no basis for the implication in the table that the most favorable

alternative in terms of comnunity requirements is soil covering with
vegetation. This can only be stated after the public coament period.
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Page 5

'Page 5-14:

The large variations in scores for the various alternatives under “Soanliance
with Water Quality Requirements During Implementation” are questionabdle.

Page 5-15:

The statement "There has been no documented increase in the airborne enission
of pollutants from the disposal area "is not true. There were elevated
asbestos readings.

Page 5-19:
Some of the scores for "Improvements in Biological Environment® are questionable.
Page 6-8, Table 6-2:

The Preliminary Implementation Schedule incorrectly assumes that a final FS
will be prepared after the public notice and comment period. The final FS
will be submitted before the public comment period. U.S. EPA feels that
the schedule is also too Yengthy and could be shortened by six months

(f.e. construction should be completed by June 30, 1988,)

The U.S. EPA and IEPA concur with J-M that soil covering with vegetation
would be the best recommended alternative for the site; however, the
agencies do not feel that six inches of soil covering would be adequate.

The six inches of soil stand a good chance of eroding away by either wind or
water in a relatively short period of time, theredby leaving asbestos material
uncovered and releasable to the air. The thickness of the proposed cover is
not consistent with recent Office of Solid Waste (OSW) guidance and with
most other removal and remedial actions implemented under CERCLA. The OSW
guidance recommends a minimum cover thickness of 36 inches for final closure
of an asbestos disposal area. This recommendation was based partly on work
done by the Army Corps of Engineers (COE) at the Cold Regions Research
Laboratory in Hanover, New Hampshire., Research showed that the action of
freezing and thawing of the ground can cause an upward migration of pebbles,
rocks, and asbestos-containing materials. To prevent freeze-thaw effects,
the top of the asbestos layer should be below the depth of freezing in the
soil after the cover has been installed. The J-M disposal area is located
fn an area that has a climate similar to that of New England. Thus, the
COE recommendations concerning freeze-thaw effects must be considered.
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Based on the factors listed above, the U.S. EPA recommends that at least 36
inches of cover, with vegetation, be applied. Both U.S., EPA and IEPA are
concerned with the specifics for the design of the cover (e.g. degree of
compaction, soil composition, seeding methods) and have guidance and design
criterfa documents that provide strong recommendations for the specific
design parameters. The agencies would 1ike to discuss cover design criteria
with J-M and its contractor at the earliest convenience of all parties.

This can be accomplished by either a phone conference or a meeting,

J-M must perform ambient air monitoring on-site during the actual remedial
action stage and will be required to monitor the area on frequent occasions
thereafter if asbestos materials continue to be disposed of on-site.

If you4have any questions regarding these comments, please contact me at (312)
886-4742,

Sincerely yours, ‘ ~
Brad Bradley

Remedial Project Manager
Region ¥ CERCLA Enforcement Section

cc: Kurt Nefdergall -
Federal Site Management Unit .
Divisfon of Land Pollution Control
I111inois Environmental Protection Agency
2200 Churchill Road
Springfield, Illinois 62706

B-6
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gt S Manville

303 978-2000
June 23, 1986
CERTIFIED MAIL/RETURN RECEIPT REQUESTED

Mr. Brad Bradley

Remedial Project Manager

U.S. Environmental Protection Agency
Region V

230 South Dearborn Street

Chicago, IL 60604

RE: JOHNS-MANVILLE WAUKEGAN DISPOSAL AREA RI/FS

Dear Mr. Bradley:

This letter is to acknowledge receipt of your comments on
Manville's Feasibility Study Report submitted to USEPA on
February 7, 1986. Together with our consultant, Kumar
Malhotra & Associates ("KMA"), we are in the process of
reviewing the comments and preparing a response. However, to
fully and fairly respond to all the Agency's comments, we
require additional information.

A major comment of the Agency concerns the proper amount of
cover for the site. In that regard, the Agency refers to:
(1) "recent Office of Solid waste (OSW) guidance”; (2) "most
other removal and remedial actions implemented under
CERCLA"; (3) "work done by the Army Corps of Engineers (COE)
at the Cold Regions Research Laboratory in Hanover, New
Hampshire"; and (4) USEPA and IEPA guidance and design
criteria documents with specific requirements or recommenda-
tions for design of the cover. Neither Manville nor KMA
currently has copies of the referenced materials, nor was
specific reference to these materials made in the meetings
preceding our submittal of the FS Report. Obviocusly, without
reviewing the documents and materials referenced by the
Agency, we cannot properly respond to the Agency's comment.

Therefore, we request copies of the documents and materials
referred to in your comments and on which the Agency is
relying in suggesting 36 inches of cover. This would include
copies of RI/FS Reports and Records of Decision (ROD) for
other sites at which the cover requested by the Agency has
been incorporated in a selected remedial action alternative
implemented under CERCLA. After we have had an opportunity
to review these documents and materials, we would be happy
to meet with the Agency to discuss cover design criteria and
other 1issues.



Mr. Brad Bradley
Page 2
June 23, 1986

We appreciate your efforts in expediting delivery of the
requested documents and materials to us.

Very truly yours,

‘jzz . /'Q‘
-

Marvin Clumpus, P.E.
Project Coordinator

MC/jb

¢cc: Dr. S. X. Malhotra
Kumar Malhotra & Associates, Inc.
Consulting Engineers
3000 East Beltline, NE
Grand Rapids, MI 49505
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‘Mr. Brad Bradley

‘Remedial Project Manager (S HE-12)

USEPA Region Vv CERCLA Enforcement Section
230 South Dearborn Street

~ Chicago, I111nois 60604

RE: Johns-Manville Waukegan Disposal Area
Dear Mr. Bradley:

This letter summarizes the responses of Manville to your review comments
on the Feasibiljty Study Report for the Johns-Manville Waukegan Disposal
Area. The responses outlined in this letter will be incorporated in the

. Feasibility Study (FS) Report where applicable. These responses follow the
order in which your review comments are presented.

l) Page 1-1, Second Paragraph:
The statement in question will be revised to read as follows:
*On-site and off-site air quality does not appear to be significantly
impacted or degraded by release of suspended particulate matter, lead or
asbestos fibers.

2) Page 2-1, Section 2.1.2

The revised statements will read as follows:

Page 2-1

*The use of asbestos substitutes and changes in product lines have now
eliminated the use of asbestos fiber from the manufacturing process as well as
from the manufacturing wastes disposed of at this site.®

Page 2-5

*The asbestos disposal pit now receives limited quantities of friable
_asbestos waste from cleaning/decontamination activities at the Waukegan Plant,
and is managed fn accordance with the requirements of National Emmission
Standards for Hazardous Air Pollutants (NESHAP).®

B-9



Mr. Brad Bradley
August 25, 1986
Page 2

Page 2-9, Section 2.1.9

*The revised statement will read as follows:

®In general this site is perceived as a minimal threat to its environment
because of limited potential of exposure of human and wild 1ife (due to site
fsolation) and of releases of contaminants to the environment (due to
encapsulated and relatively bound nature of its contaminants).

L{) Page 2-11, Sectfon 2.2.1

Over time, the sludge does dry out but does not appear to release
asbestos fibers as the asbestos in the sludge is encapsulated and bound by the
lime sludge (predominantly calcium carbonate).

The following sentence will be added to account for the remaining 37,500

" cubic yards of sludge.

*The remaining 37,500 + cubic yards of sludge is deposited on piles of
manufacturing wastes.”

5) Page 2-12, Section 2.2.5

The statement “"Fibers longer than § micrometer, the fibers generally
associated with health risks”™ was taken from the final Rl report .for the site,
approved by USEPA in 1985. 1In addition, it is noted that USEPA's recently
proposed RMCL for asbestos in drinking water only applies to medium and long
:1?:rs (>10 um in length). None the less, the revised statement will read as

ollows:

®In terms of fibers longer than S5 micrometers, all concentrations were at
or very close to the detection limit (0.003 fibers/ml).”

G) Page 2-14, Section 2.2.6

" The observed range of concentrations of fibers of all lengths as well as
those of fibers greater than 5 microns in length were reported.

'7) Page 2-15, Second Paragraph

The statement will be revised and will read as follows:

“Based on monitoring data collected during and after the Rl, there is no
evidence that the contaminants are migrating from the site.®

%) Page 2-16, First Paragraph

We cannot state that lead is released from the disposal area to ambient
air when the Ambient Afr Quality Monitoring for Lead and TSP (Technical
Memorandum fM-2 September, 1985) showed that observed lead values at on-site
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Srad Bradley
August 25, 1986
Page 3

monitoring locations were lJower than those observed at the off-site monitoring
locations, and significantly lower than those observed by Division of Air

Pollution Control, I1l1inois EPA in the residential and commercial areas of
Lake and Cook Counties.

Psge 2-17, Second Paraqraph

Subsurface soils below the water table were sampled and analyzed at the
following boring locations and depths. The details are presented in the RI
report.

B-1 (31'.5 - 33°.0); B-2 (34'.0 - 35°'.5); B-3 (39'.5 - 40'.0);
B-4 {14'.0 - 15°'.5); B-5 (20'.0); B-7 (29'.0 - 30'.5);

B-9 (29'.0 - 30'.5) and B-10 (20'.0).

Page 3-1, Section 3.1

The revised statement will be read as follows:

"On-site and off-site air quality does not appear to be significantly
impacted or degraded by release of suspended particulate matter, lead or
asbestos fibers, Some of the on-site air samples contained asbestos fibers at
levels somewhat higher than those observed at the off-site locations, but
within the range observed in other industrial locations®.

Pages 3-9 and 3-10

These statements are based on our judgement of the anticipated public
reactions due to the adverse environmental impacts assocfated with on-site
landfilling and on-site stabilization resedial alternatives for this site.
On-site landfilling will result in air and noise pollution due to moving of
large amounts of contaminated material closer to the existing residental
dwellings. On-site stabilization will involve processing of surficial soils
and hence increase potential of higher levels of airborne contaminants and
noise in the vicinity of the site.

\]) Pages 3-12 and §-2

The toxic properties of lead are described in the Endangerment
Assessaent, Section S.0 of the RI Report.

The first paragraph on Page 3-12 will be modified to include the
suggested sentence as follows:



Mr. Brad Bradley
August 25, 1986
Page 4

-*Both lead and asbestos fiders can be carcinogenic to human and wildlife
powlation. However, there 1$ no current evidence to suggest that the
fnorganic lead found at the Johns-Manville Site is a human or animal
carcinogen.”

The second sentence of the last paragraph on page 3-12 will be modified

to read as follows:

M)

\S) Page-4-4, Section 4.2.1.3:

*Capping would provide added protection to groundwater (which, however,
fs not of primary concern at this site)®.

The first paragraph on page 5-2 will be modified to read as follows:

"However, groundwater contamination is not expected because the
contaminants at this site are not in a readfly leachadble form."

We agree with you that the groundwater monitoring should be done to
insure that on-site lead does not migrate to the groundwater and therefore
groundwater monitoring was included in all of the remedial alternatives.

Elsewhere in the report, it is indicated that there is friable asbestos
at the site. The friable asbestos is disposed of only in an isolated area of
the site. A1l friable asbestos is bagged prior to its disposal and is covered
according to the NESHAP requirements.

The revised statement will read as follows:

*Samples would be analyzed for lead and other inorganic water quality
pearameters (pH, SOq, NO3-N, chlorides, specific conductance and total
alkalinity)®

Page 4-3, Section 4.2.1.3:

The revised sentence will read as follows:

*Tree cuttings and stumps would be buried on site in the miscellaneous
waste disposal pit or burned on site.®

Johns-Manville Disposal Area is not a sanitary landfill, It is a
disposal area for the relatively non-combustible and non-diodegradable
sanufacturing wastes. Some of the existing dikes were constructed many
decades ago and are composed of the manufacturing wastes and off specification
products such as pipes and shingles and have side slopes greater than 1:1.

The majority of the existing dike slopes are between 1:1 and 1:1.5. These are
stable and have not shown any sign of abnormal erosion so far.



Mr. Brad Bradley
August 25, 1986
Page S

Decreasing dike slopes to the IEPA recommended standard of 1:3 will
require excessive excavation of the consolidated waste materfals and will
result in adverse noise and air quality environmental impacts as ue]l as
1ncrcased conmitment of monetary and energy resources.

Therefore, the use of dike slopes of 1:2 {s appropriate based on the
unfque site specific conditions at this site.

\Ea Page 4-4, Sections 4.2.1.3 and 4.2.1.4:

The revised statements will read as follows:
Section 4.2.1.3:

~ ®Al1 top surfaces would slope towards settling basins or to peripheral
ditches®.

Section 4,2.1.4:

®Al1 surface runoff from the site would flow to process water treatment
basins or to the peripheral ditches®

n) Page 4-4, Section 4.2.1.6:

The revised statement will read as follows:

*One layer of 8" - 12" thick lime stone riprap would de placed (by drop
method of placement) on portions of interior slopes of settling basin dikes
which are susceptable to wind erosion®,

Page 4-5, Third Paragraph (Section 4.2.1.7)

o)
The following paragraph will be added to the first paragraph of Section
4.2.1.7.

*Specific criterfa for accepting or rejecting the $oil hauled to the site
for use as a cover or f111 material will be developed using the dackground
levels of inorganic lead and/or asbestos found in the off-site soil samples,
Trucks coming to the site for delivering soil and other materials would be
spray washed (on out-side) on a decontamination pad prior to leaving the site
and washwater would be drained to settling basins or peripheral ditches for
treatment and plant reuse.

Fﬁ) Page 4-6, First Paragraph:

The units were corrected by a submittal subsequent to submitting the FS
report. The last sentence of the first paragraph will read as follows:

B-13
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22)

Mr. Brad Bradley
August 25, 1986
Page &

“Exposure of any worker would not exceed 8-hr weighted average airbourne
asbestos concentration of 2.0* fibers/cubic centimeter and 3 ceiling
concentration of 10 fibers/cutic centimeter for fibers longer than .0
aicrometers”,

*This has since been revised to 0.20 fidbers/cubic centimeter.

Page 4-6, Section 4.2.1.9:

Your suggestion will be incorporated in Section 4.2.1.7
Page 4-9, Section 4.4.1.2:

The first sentence of the last paragraph on Page 4-2 has been revised and
will read as follows:

*The sludge periodically removed from the sludge settling basins would be
dewatered by using a 2 acre unlined deep sludge drying basin. (This
dewatering method was chosen as this has been successfully used at this site
for many decades)”.

Page 4-13, Section 4,5.1.3:

Leachate collection and leachate detection systems as proposed would be
separate and drain into separate catch basins.

13) Page 4-13, Section 4.5.1.4:

24)

We agree with you that the sand used should be free from sharp objects to
proteg% the integrity of the synthetic liner. The statement will be revised
as follows:

*This membrane would be covered with one foot layer of sand free of sharp
objects (taken from the Manville property or an off-site location) to serve as
the infiltration flow zone®,

Page 5-6, Table 5-1:

The scores presented are relative scores in terms of the desirability of
different remedial alternatives based on different criterfa. No action
alternative is the most desirable from O & M requirements, constructability,
time of implementation and safety considerations and hence has been given the
highest score of 4.0.

‘25) Page 5-7, First Numbered Item:

The first numbered item will read as follows:

- 1) CERCLA estabiished NCP for Remedial Actfon (40 CFR 300)



Kr. Brad Bradley
August 25, 1986 .
Page 7 .

2L) Mage 5-8, Section 5.2.1.3:

‘This paragraph will be revised and read as follows:

®RCRA has specific requirements (40 CFR Part 257) for siting and
operating solid waste disposal facilities to minimize adverse effects of
disposal facilities on health or the environment {which includes surface water
and groundwater). In addition, other sections of RCRA have been considered
and where appropriate incorporated in the alternatives. All alternatives
comply with the applicable RCRA requirements. However, because of the use of
permeable 1iners the on-site landfilling alternatives should be preferable over
the other alternatives®.

27) Page 5-10, Table S5-2:

The scores presented are relative scores in terms of the desiradbility of
different remedial alternatives based on different evaluation factors. It f§s
snticipated that the efforts needed to comply with OSHA requirements for
Tandfilling alternatives will be far more extensive than those required for the
other remedial alternatives.

The scores presented are based on our evaluations in the absence of public
input on the different remedial alternatives. We agree with you that the
relative scores for community requirements compliance may change after the
public comment period, depending upon the public input.

Landfilling alternatives involve moving of larger quantities of
consolidated waste materials and are most 1ikely to result in greater levels of
air quality degradation and moise pollution. Therefore, these alternatives are
rated unfavorably, similar to the no action alternative, while the sofl
covering with vegetation alternative is ranked as the sost favorable

. alternative, .

28)

Page S5-14. Table 8-1:

The scores presented are in whole numbers (0 to 4) and the variations in
scores shown was desirable to exhibit the relative desirability of different
remedial alternatives.

'B) Page 5-15, Section 5.4.1:

The statement will be revised to read as follows:

“There has been no documented discharge of pollutants to surface and/or
groundwater from the disposal area. Some of the on-site air samples contained
asbestos fibers at levels somewhat higher than those observed at the off-site

Tocations, but within the range observed in other ndustrial locations®.



)

3))

Mr. Brad Bradley
August 25, 1986
Page 8

Page S-19, Table 5-4:

The scores presented are relative scores in terms of desirability of
different remedial alternatives for fmprovements in the dbiological environment.
Me believe that the no action alternative 1s the least desirable and the sof!
covering with vegetation alternative is the most favorable for {mproving the
biological environment on and around the site.

Page 6-8, Table 6-2:

The schedule will be revised to show the submittal of final feasidbility
study report before the public notice and comment period.

A ninfmum of two construction seasons are required for clearing and grubbing,
grading, soil covering and revegetation of the large waste disposal area,
especially when the construction requires soil sampling and analysis, equipment
decontamination and health and safety monitoring.

The schedule will be revised as follows:

TENTATIVE DATE DESCRIPTION OF TASK
September 26, 1986 Submit revised feasfbility study report
October, 1986 Public notice for comments
November, 1986 Receive public notice comments
January, 1987 Complete plans and specifications for
) recommended resedial action alternative
February, 1987 Advertise for bids
April, 1987 Receive bids
April 31, 1987 Award Contract
May, 1987 - Start construction
-December, 198 Complete conqtruction

The proposed 9" thick soil cover with vegetation exceeds the NESHAP
requiremsents for active and inactive asbestos waste disposal sites (40 CFR 61
Subpart M) of 6" compacted non-asbestos containing material/sofl with
vegetation. Therefore, we feel that our recommended alternative is adequate,
especially when the emissions of astestos fibers to the environment from the
disposal ares and risk to human and wildlife are sinimel as concluded in the RI
report. Moreover, we have considered the conceras of freeze-thaw effect and

belfeve that the specific conditions at the Waukegan Site are unique and
sufficiently different to distinguish it from other sites. However, as noted
in Mr. Clumpus's June 23, 1986 letter addressed to you, the issue of proper

R-1A
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Mgust 25, 1986
Page 9

smount of cover will be discussed further with the Agency lfter'-e have a
chance to review different documents and materials referenced in your letter,

¥e do not fee! that amdbient on-site air monftoring during certain
construction activities will provide any timely information to undertake any
corrective action. Therefore, we have proposed to monitor the personnel
working on-site during site grading activities and wet the construction areas
prior to any site grading. |

Please feel free to contact me {f you have any questions on any of the
responses included in this letter.

Sincerely yours,

P AR s

S. K. Malhotra, Ph.D., P.E.

cc: Marvin Clumpus, P.E.
Project Coordinator
Manville Sales Corporation
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Marvin Clumpus

Project Loordinator

Manvilie Service Corporation
P.U. Box 5108

UVenver, Colorado 80217

Rg: The Johns-Manville Waukegan Disposal Area
Uear Mr, Clumpus:

This letter is written in response to Kumar Malhotra's August 25, 1946
resyonse letter to the June 11, 1986 U.S. EPA draft Feasibility Study
(FS) Neport comments. A copy of the Auyust 25, 1986 letter is enclosed,
and the comments have been numbered for clarity. Any comment not listed
below is acceptadle and should de incorporated into the draft FS Report
as it apvears in the August 25, 198é letter,

with the exception of the inclusion of the final remedy selectea, the FS
Reyort can be considered to be aporoved by U.S. EPA upon the incorpor-
ation of the following comments:

Comment 1): The statement is acceptadle as follows: “un-site and
off-site air guality does not appear to be significantly
impacted or degraded by tne release ut suspended
particulate matter or lead.®

Comment 3): This statament should De deleted fram the regort.

Comment 4): The statement should be amended as foilows: “when the sludge
dries out, there is a potential to release asoestos to the
atmosphere; however, the pound nature OF the asbestos in the
sludye reduces this potential,”

Comnent 7): The statement is acceptable and should also be applied in
Section 1.1, the second parayraph of paye 2-16, and any
other time the statement that there is nu miuration of any
of any contaminant from the site 1s made in the report.

Comment 8): acceptable-Agaitional Note: On the top of paye 2-16, the
statement that on-site asbestos releases have not impacted
off-site atir quality should be deleted from the report:
however, since this comment was not sade in the first round
of comments. U.S. EPA will not disapprove the FS Report i{f
this comment 1S not addressad.
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canment 9): The statenent (last sentence of page 2-17) should de amended
to read: “"Removal of subsurtace soil below the water tadle
will not aid in accomplishiny the objectives of the feasti-
o111ty study.®

Comment 10): The statement should be amended to read: "On-site ang
off-site afr gquality does not appear to be significantly
fmpacted or deyraded by the release of suspended parti-
culate matter or lead. Some of the on-site air samples
contained asbestos fivers at levels somewhat hiyher than
those observed at the off-site locations.®

Comment 11): acceptanle-This statement should be inserted in the
report,

Comment 12): Al)l statements made here are acceptadble; groundwater
monitoring will be discussed at subsequent meetings.

Comment 17): Riprap should be placea on all berms and dikes in the
wastewater treatment system, not just those that are
susceptiole to wind erosion,

Comment 29): [he statement is acceptable if the phrase "but within
the ranyge observea at other industrial locations” is
deleted from the end of the sentence.

Comment 31): The schedule is acceptable., Due to the recent delays
in the project, the earlier dates in the schedule
must be adjusted; however, construction should
still be completea by December 1988.

Since it will De discussed at subseyuent meetinygs, no comment will De
proviged concerniny the appropriate soil cover thickness for the site.

The FS Report should not be printed in final form until the final
remedy s included in the report, through the amendment of the report
by Johns-Manville and the inclusion of an adadendum by U.S. EPA., If
you have any questions concerning the contents of this letter, please
contact me (312) 886-4742.

Sincerely yours,

Throd Poaodly

B8raa Bradley, Remedial Project Manager
Region Vv CERCLA Enforcement Section

Enclosure

cc: Kurt Neidbergall
I11inois Envirommental Protection Agency

Kumar Malnotra, Xumar Malhotra & Assoc.. Inc.

B-19
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Mr. Marvin Clumpus

Project Coordinator
Manville Service Corporation
P.0. Box 5108

Denver, Colorado 80217

Re: The Johns-Manville Waukegan Oisposal Area

Dear Mr. Clumpus:

This letter will serve to formalize the yuidelines for an acceptable
remedy for the Waukegan site presented to Johns-Manville by U.S. EPA
at the October 2, 1986 meeting concerning said site. The guidelines,
arranged in cateyories for clarity, are as follows: :

North and West ‘Waste Dfsposal Area Boundaries

The remedy for these areas is acceptable as proposed, with the
exception that the cover thickness at the top of the slopes must
still be detemined.

¥et ‘Areas ’

Full coverage of all interior slopes with 12-inch thick riprap
underlain by four fnches of bedding material must be provided.

Dry Areds (This fncludes the sduthérn wiaste disposdl dred ‘Bounddry)

- The exact cover thickness must still be detemined,

- A time limit and provisions for closure of the asbestos disposal
pit must dbe provided, with the stipulation that any asbestos-
containing material generated after closure must be deposited
off-site in an approved landfill,

- The open area at the northeast corner of the miscellaneous
disposal pit must be closed, and the pit must be provided with
proper drainage control.

- Mritten waste handling procedures must be provided for the
asbestos disposal pit, the miscellaneous disposal pit, and the
sludye disposal pit. : : :
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- Tne remeay proposed for the site roadways is acceptadble as
outlined in the FS Report.

MisceTTaneous Provisions

- As agescribed at the October 2, 1986 meetiny, the provisions to
clean up the beach and the southwest portion of the waste
disposal area must be included in the FS Report.

- If possible, fence must be provided alony the eastern site
boundary, preferably alony the elevated area near the beach.

- As described at the October 2, 1986 meeting, the provision
to construct dikes at the depressed areas along the north side
of the industrial canal must be included in the FS Report,

- Per the NESHAPS requirement, additional warning signs must
be posted along the waste disposal area boundary fences,

Groundwater Monitdring

A detection monitoring system must be provided, including the
drilling of additional wells to the north and the east of the
site. As a rough yuideline, such a monitoring system would
consist of approximately four additional wells nortnh of the
site and approximately tnhree additional wells sligntly west of
the existing eastern wells to be monitored for approximately
10 metals, approximately five organics, and all mobility
indfcator parameters, such as pH.

The only outstanding issue is the appropriate cover thickness for the dry
areas, wnich will be detemined through subseyuent discussions with
Johns-Manville., Any portion of the "soil cover with vegetation®

remedy that was not addressed in the above guidelines is acceptable as
statea in the araft FS Report.
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[f you have any questions concerniny tnis letter, please contact me
at (312) 886-4742.

Sincerely yours,

B8rad Bradley, Remedial Project Manager
Reyion v CERCLA Enforcement Section

cc: Kurt Neibergall
Federal Site Manayement Section
Division of Land Pollution Control, IEPA

bcc: N. Niederyang, CES
R. viefenbach, CES
L. Johnson, SC-16
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If you have any questions concerning this letter,

Sincerely yours,

-TQELAJD~C\ 1r?;:»c14§.lJL§3

3rad 3radley, Remedial Prayject ‘tanager
Region Vv SARA tnforcenant Section

cc: Xurt Neibergall, £.1.7,
Faderal Site 'anagenent 'Jnit
Reedial Projact ‘tanagement Section
Division of Land 20llution Coatrold
I11inois Environmental Protection Agency
2270 Zhurznill R0
Springfield, [1linois /2774

Jrr. Komme K AL 727

(/aﬁn.ran & //(A/A/h{/ /<
Fioo Eawr (7 Line HE

Grinw Fapide 77 pirs

brb- Fhl-av12
x £7747-
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24,

Page 4-2, Subsection 4.1.1.,1 - provide a figure showing the locaticn of
the referenced monitoring wells and insert the following sentence in

the subsection:“A contingency plan will be developed to take necessary
renedial action in the event that contaminant concentrations «hich would
pose a threat to human health and the environnent are detected.,”

Page 4-2, Section 4.2, last s2ntence - insert “ and proviled «ith tiae
same cover thickness as the renaining dry disposal areas™ after th2
word "closel,” '

Page 4-4, Subsection 4.,2,1.2, last subpoint - add "in order to conply
witih the regquirements of NESHAPS" to the end of the existing s2atence
and add the following sentence: “The warning signs nay be renoved after
th2 sit2 is ~»iediatetl and Final .lisure of the ashestos pit.”

Page 4-5, First Paragraph - insert the following sentence in the para-
Jraph: The northeast corner of the niscellaneous disposal pit, which
is presantly open, #ill Se 2levatad, preventing surfaca water from
exiting said pit.,"

Page 3.5, Subsection 1.,2,1,A, first sentence - the beginniny should
read "Jne layer of noainal 12" thick liuestone riprap witn 4" thick
>adding material would be..."

Page 4.5, Subsaction 4.,2.1.,5, - insert the following sentences in the
sibsection: “A contingency plan will e fnplzianted to easire {hat
1shestrs~cantaining sl.dg2 is not dredged in the future, This contine
gency plar will include the discontinuanc2 of f~20;i1y qctivities in the
33-acre settling pond. Any sludge removed from the 33-acre jond in

the future #ill be treated as asdastos-cuntainiag waste 31d will e 1is-
posed of accordinyly.”

d3ge 2.7, Sectinn 1.3, fifth sentenc2 - list the three aclive ~ast2 1i;-
Jusal areas referrad [0 hara,

23ge 4.3, Sudsection 1.3.1.1 - inser: the follnviny s21lteac2 3°tar th2
first sentence: “"A\r2as in the sdiutwest and no-:heast curners of tiqa
site will also He covered."

Page 5-7, Subsection 5,2.1, Last Paragraph, first santence - <he sent-
ence shauld be anended to reai "Local and Statz2 joveraients Nav: -
juirements that arz2 <9np4ti%lae with thosa apbove for specific site

conditions.,"

Pag= -3, Subsection 3,2,1.54, first sentence - replace "has heen vir-
tuyally none" «ith "t date has been naininal,”

2age 5-12, Sudsection 5,3,1, Last aragraph, first sentence - add "Hasad
on limited RI saipling” to the end of the sent2ace,

B-26



.4-

30, Page 5-12, Subsection 5.,3.1, Last Paragraph, seconi sentence - add
"during RI work" to t“e end of tha sentence,

31, Page 5-12, Subsection 5.,3.2, first santence - the sentence shoyld he
anended to read "111 relevent air and groundwater standards appear
to be et at this site, based on linited R] sanpling,”

32, Page 5-15, Suhsectinn 5.1.1, first sentence - insert “appear to"
after “at this site,”

33, Page 5-4, Point 3, First Paragraph, second sentence - 4aletz "31d
requiranents” from the end of the sentence,

331, Page 5-3 - amend the dates in the schedule as follows:

Date listed in document Amended Date
November 19, 1935 Necember 4, 1935
Vovamder, 1935 January, 1387
Yecher, 1537 “2hryary, 1397
January, 1937 February, 1997
February, 1337 “arch, 1337

35. Appendix 4, 2aje -1 -include capital casts for the installation of
the detection monitoriny system in the no action 2lternative,

Any statements amended by the ahove cirilents should Ye changed anysere
else they anpear in tha facuqi,

Yisz3sions subseguent £o the meeting with J-" held on Jecember 15, 1336
4111 detariine whether !),5. 24 and J-*1 can agree on the cover thick-

1ess required to remediate tha site., TIf '),S, P4 and -9 agree, then )-*
sn1all suonit a final FS report to Y.S. 224 for review, 1f :),S, Z°1 and
J='4 cannot neqnt idt2 an 2:captadlz2 zover thickness, “aen J]-*1 shall finalize
and submit <2 .5, 2?1 the £3 Repart 4ith any 1inoe changes regquired in
tha draft sudaittad sahsequent tn this corment lT2tier, and 'J,S, TPA snall
sz an 31denduyn outliniag its recowended covar thilcness far inclusion
4 512 final 7S Report, The fallowing schedule siall v2 isplenented Lo
resalve the canflicts regyarding ¢aver thizkness ramaiing afier the
Jecenwer 15, 1986 meeting 2nd to pravid2 fir the sudaistal of the final 73
Renort to !,.S, EPA:

Jeadlin: o
Necenser 22, 1335 1.5, T71 statetent of acitd s
cover thickness tu =1
January 5, 1337 2esoultion of renaining cover
thickness disyytes
Yanyary 13, 1337 Suyaittal 2 Final 75 Report
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$E UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

v,

£ § REGION §
M‘ g 230 SOUTH DEARBORN ST.
N 0«3 CHICAGO, ILLINOIS 60604

4 pao't
REPLY T() THE ATTEN " (v
SHE-12
SFC T T 93

Marvin Clumpus

2roject Coordinator
Aanville Sarvice Turporation
2.0. Box 51n8

Jdenver, Colorado 380217

R2: The )ohns-Manville Waukeyan Jisposal Area
Dear Mr, Cluapus:

The purpose of this letter is to formalize the comments presented to
Johns-Yanville ()-4) during the November 13, 1335 cinfaraac2 call and
to ¥umar alhotra & Associates, Inc, during phone calls oun Vovetber 27,
1336 and November 23, 1935. A schedule for completion of the Feasi-
5ility Study (FS) Report is also provided,

The nit21 St3tas Environmental 3rntection Agency !'),S. 221) hereby
jisapproves the seconi Jdraft Feasidility Study eport for the above

nentioned facility. In order to receive approval for the ~35 Report,
J=4 qust incorporate the following cxanents into the docunent:

1. Second page of docunent - the non-disclosure stareneat st Ha2
deleted fron the docunent,

2, D9aye 1-1, Section 1,1, First Paragrapn, last seatence - delete
tha statement "bdyt within the range nbserved at Jther irfuytrial
locations" from the sentence,

3. Page 1-4, Section 1.5, First Paragraph, Third sentence - replace
"i{s considered acceptable” with "is likely to b2 acceptadla,”

1, 9Paze 1-1, S=2c¢ction 1.5 - Add the following staterant to this section:
“Th2 provisions of the Superfund Aneadnents and Yeauthorization Act
of 1935 (SARA) have been considered, and a cover wonitoring program,
to be nutually agre21 joon oy 1,5, TP and the "taaville 3ales Zorpora
tinon, will be developad *> attain the naw cleanup staniards contained
in Section 121 of SARA." This statenent should also H2 inserted ia the
document at any other joint where the recoamended altarqative is sui-
varizea (e,g, S=ction ?7.3,1, second subparagrapn; Sectisn 5,2, sudpuint
3, etc).
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Page 2-11, First Caragraph, sixth sentence-replace "contaminants appear
to be" with “contaminants were 2dserved to be."

Pag2 2-12, Sudsection 2.2.5, Saecond Paragraph, last sentence - “"fiber;/
21 snould be changed -0 "finers/cc.”

Paje 7-12, Subsection 2.,2.5, Third arijraph, second sentenc2 - "Division
of tne ?o0llution Control” should be "Division of Air 20llytion fantrgl "

Page 2-14, Subsactinn 2.,7.,5, Taird Paragraph, second sentence - “fider/

al" should be changed tn "fibers/ cc."

23ge 2-15, First Paragrapy, first sentanc2 - replace “at tne site is
0f" witn "at tn2 site aunears to b2 of "

Paj2 2-15, Third 23ragrasn, secand santence - "does not tharaaten”
snnuld Se "ioes aot appear to threaten,”

P3je 2-15, Suvsection ?2,2.7, last sentence - "contaaninants and adsence
of" should be “contaninants inl ipparent absence of,”

dage 2-13, First Paragrapy, list sentaace - add ®based on linitedi data
collected during the 21" %3 tne end of tha santance,

9age 7-17, Second SuYriragrash, sacnond sentenc2 - the end of the sent.
ence should read “under existing alkaline coniitions and the bound
nature of lead in the waste 1332rials,”

Page 2-17, Third Sudparajraph - tine hezinning >ul1 read "Sud-sur-
faca s0i1 Yelow the vat2r table is not parcaival Ty "2 1 ooatritatiog
sourc2 Yas=3d 9n linitad 7 sampliag, and i%s rayval Seliw,,."

9a32 3-17, Sudsection 3,31,1, Second 2aragrash, “iest santens2 - renlacs
"af the site is not contaitinated vy 1231" vith "Hf (he site apnzdrs
0t Lo o Imtiiiiat 2oy lead.”

dage 4-2, first complete sentence - ~eylac2 "3i5ure that” «ith "latec’
whetaer "

Dage 4-2, Suybsection 1,1.,1.1, first sentence - “he jarenthetical state-
ant should be amended tn read “sucnh as pH, SO:, V)3-N, Tr, A1, 71,
spacific 2antactance, total alkalininy, ,:2tach’ordphennl, 3141 volatila
arganic copainds indicat2d vy Y,5, TPA scans oaad 2

9232 4-2, Subsection 1,1.1,1, last sentence - :he firsi parenthetical
stateqent siould raai "3 urth HF tn2 site, 3 2ist of eastern sita
boundary, two of 4hizh will be tso well clusters, one sest and 90z s2l0
of tie site.”
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APPENDIX C

UPFREEZING COVER THICKNESS ANALYSIS
BY
GOLDER ASSOCIATES



Golder Associates

CONSULTING GEQTECHNICAL AND MINING ENGINEERS

November 6, 1986 Qur ref: 863-2041

Manville Service Corporation
12999 Deer Creek Canyon Road
Mail Stop 3-25

Littleton, Colorado 80127

ATTENTION: Mr. Marvin Clumpus, P.E.. Senior Engineer

RE: UPFREEZING COVER THICKNESS ANALYSIS -- TO THREE FEET -- PRELIMINARY
ESTIMATES FOR THE WAUKEGAN, ILLINOIS PLANT WASTE DISPOSAL AREA

Dear Mr. Clumpus:

The attached UPFREEZS computer output extends the cover thicknesses
(TCT) analyzed to 3.0 ft and also extends the extremes in F to 0.5 for S
to 50%. These results can be used to examine the implications of cover
ig excess of 2.0 ft and also effects of extreme and very extreme values
of F and S.

The conditions and assumptions are identical to the UPFREEZS output
transmitted to you on October 27, 1986. You will note that extending
TCT to 3.0 ft required modification to the output format of UPFREEZS
because upfreeze estimates were too large to fit across the page. These
output format modifications are contained in UPFREEZSX. Calculation
procedures and assumptions are all unchanged.

As in our October 27 transmittal, these preliminary estimates are for
upfreezing of objects less than about four or five inches in size

(X - A ¢ 0.3 ft) initially located at the bottom of the H1=TCT-ft cover
(i.e., at the top of the waste pile). We understand this size of object
is considered the critical size for upfreezing by EPA’s consultant

Mr. Richard McGaw, P.E.

_These preliminary estimates make the assumptions shown on the prog=am
UPFREEZESX computer output. Variables, symbols and their relation to
object upfreezing are defined using the upfreezing equation (Eq. 1) in
Table 1.

c-1

GOLDER ASSOCIATES. INC. » 4104 148TH AVENUE N E. REDMOND (SEATTLEL WASHINGTON 98052 U S A + TELEPHONE 208) 8830777 « TELEX 5108002944

OFFICES IN CANAUA « UNITED STATES ¢ UNITED KINGDOM « AUSTRALIA



November 6, 1986 2 863-2041

Preliminary estimates shown on the attached UPFREEZSX output indicate
the following for cover thickness of 1.5 ft to 3.0 ft.

o A moderate-heaving, moderate-stability cover (S=10%, F=0.1)
provides lower bound [i.e., LBOND or UP.YRS*(1 - CV)]
upfreezing protection of: i

518 years for 1.5 ft of cover
808 years for 2.0 ft of cover
1,399 years for 2.5 ft of cover
2,749 years for 3.0 ft of cover

R50 (50-year reliability) is 100% in each case.

e For extreme conditions of high-heaving and poor-stability
(S=30%, F=0.3) lower bound (LBOND) estimates are:

71 years for 1.5 ft of cover
154 years for 2.0 ft of cover
427 years for 2.5 ft of cover

1,881 years for 3.0 ft of cover

RSO (50-year reliability) is 100% in each case.
e Sensitivity to values of S and F.beyond expected extremes
shows R50 (50-year reliability) estimates:

- For a 1.5 ft cover R50 is or exceeds 90% for all
S < 50% and F < 0.3 or for all F < 0.4 and S < 30%.

- For a 2.0 ft cover R50 is or exceeds 99% for all
S < 50% and F < 0.5,

- For 2 2.5 ft cover the R50 is 100% for all S < 50% and F
< 0.5.

Please call if you need any clarification, elaboration or further
discussion.

Sincerely,

G:;ZZiz:22?i;;:?Szyczﬁé’

"Charles L. Vita, P.E.
Senior Project Manager

DMCC/CLV/IN
Attachment

c-2
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Tadle )
frpezin ion nd UPFR

Ve (X-A-T)*S*F*C

U o Upfreezing distance of buried object. In program UPFREEZS U s the cover
increment (0.1 ft) for DELTA and H1«T(T for UP.YRS for total cover thickness
TCT.

X = Projected Tength of buried object.

Note all projected lengths are perpendicular to the freezing front--f.e., vertical
for flat ?ruund and for sloping ground 1nclined from vertical toward
horizontal by the slope angle of the ground.

A o Projected Tength of buried object required for adfreeze to overcome anchorage
before uplifting can occur.

T = Projected Tength of buried object below maximum depth of freezing front. T s
8 {un:tion of object depth below top of cover. T and C are functiomally
related.

Note (X - A - T) s the effective portion of the object over which frost heaving
can cause upfreezing. (X - A} is called EPS.UF {in program UPFEEZES.

S « Average heave strain over the distance (X - A - T).
F « Heave fraction not recovered on thawing.

C = Effective number of complete freeze thaw cycles over the distance (X - A - 7).,
C 1s modeles as a rancom variable to reflect the uncertainty in future yearly
thermal Toads (freeze indexes, F1) and thermal capacity of the waste pile and
cover s0il (to maintain frost out of the waste pile or maximize 7). Therma!
Yoads are modeled using a lognormal distribution based on s conservative
fnterpretation of 1945-85 Waukegan F] estimates. Thermal capacity (7C) f1s
ocdeled using the medified Berggren equation and thermal geotechnical
sssurptions, as stated on the program UPFREEZS output. Im UPFREEZS C 1s
estimated as FP (prodability of having frost to the depth Hl in any year) and
FPY (return period for a frost tadble at Ml). Results are displayed as
averages (AVG) ¢ a coefficient of variation (CV3).

Program UPFREE2ZS: 1. Searches for (X - A - T)*C which maximizes U for given S
and F, subject to (X-A)<EPS.UF. Maximum {X-A) {3 displayec as H3M. 2. Calculates
average years $o upfreeze through an increment (seteD.l ft) of cover, DELTA,
estymated as [0.1/(X-A-T)°C*F*S]. J. Calculates average years to upfreeze the
object, UP.YRS, as the sum of DELTA for H] from 0.1 to the total cover thickness,
TCT. A sinus one standard deviation estimate, LBOND, an absolute lower bound,
ABOND, and the estimated reliability that upfroczin? through the cover will take
S0 years or more, R50, are alsc calculated and displayed.

A wore refined estimate for years of protection against upfreezing for s cover of
thickness TCT ss5 UP.YRS for MleTCT using cover thermal properties plus the
difference in DILTA for H1eT(T between UP.YRS for the cover thermal properties in
H3 and UP.YRS for waste pile properties in H3.

A1l estimates are conditional en S and F, and EPS.UF.

Golder Associates
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Lceumrrd e EXERREE e o RFRRAPAS FROITAM LUITFZEITN  R22¥E¥ s 8XXYRssrseniprrbngn
SnVED Ul ER FILE temiif: UFF1-3X DvE: 16~-2:-132s
. TIME: 17:0<:13
" PROBABILISTIC GEQTECHNICAL THERMAL ANALYSIS
1-LAYER FINE-GFR~INED COVER SYSTEM
HODIFIED~BERGGEEN EQUATION WITH KER3TEN K’S
FPROPERTIES COF COVER

COVER LAYER DRY DESITY=3100 PCF, WATER CONTENMT =20.3%4 (S3Y SAT 1es, 1=2%.4
&UERRGE HEAVE STRAIN = 0% TO S04 '

FECTION CF MES''E MNOT RECOVESED ON THRIING (R) = 0,16 TO 0.3¢
LAVED¥SOQRIN-FaITOR]: AVE=0.70; ZD=0.1¢
(COVER AND WaITE PILE USE The SAME URLUED)

FROEERTIES COF Wn3TE FILE

E1s:TaGEINSD SO0
Crdmr sy DRy DENSITY = tea, [PIFY, LATERS COUTINT = 20°, (&0 SaT JE, =T, e,
RVERSIE MISE STRmIl = (0% T S¢t
FE=ITIC! OF PZmWVE NOT RECOVERED OV THAINING (R) = @,1@ TO o, 80
TrER =L L2=D INFTEMATION

FRIEZS INDEN (F1) FOR WaUMEKGMY ASIUMED LOGHIFMAL WITH MESN & STRID==D (21Tl
Felr: MIZTIFICAL DT 17<47=-S¢ TUO 1534=-35 ENCEFPT 98Z-83 (TOTAL = 25 YEm=D)
LOICFIme FRIEZE INDES (THEP'1AL LOwD) ¢ MEAN=E42, MEDIRN=ZTo0, S0=22¢, O'=2.I77,

SOILN Fll=0 2%, SvEWEES=1.,277 .2 ER
CIIZEPUTIVE LOGINORM&L ENVELCFE USED FOR FREEZZE INDEX: MEDIRN = 7T, MI<', = 53%

SOIL FI1) =¢,2=%
ALL YERRZ HWAVE HISTORICAL F] FREDUENIY (= FOFRCASTED (PPEEIC*ED\ PRIE-EILITIES
(iS3z~ :~ [FI=120@] LIES ON THE ENVELCFE &LL OTHER YEAFT @rZ EZLCLD
CSJECT UPFREZZIINNG INFORMATION-<EGUSTION:: Um (X =-a «T) ¥ €% F X C
URFREZIZING RITUMETIQONG
EFFEITIVE FArRTICLE EXZE (X = &) 1S EPFS,UF = @,20 FT
AUESAGE HEIAVE STRAIN (&) = 19 X TO Se %
FEACTICON OF WERUE NOT RECCUERED O THAIING (B = @,12¢ TO €.2¢
EFFECTIVE NUMEEFR QOF COMPLETE FREEZE THab CYCLES (C) = pNUMEZE (S FREZEZIE SZaIlIs
CYERFZT 3 PR3

¥ENOTE: BOTH C AND P.H3 ARE DEPTH DEFEINDENT



S=10s F=Q, (0

THERMAL AND UPFREEZING ANALYSIS ESTIMATES =-- PROGRAM UFFREEZS --  18-21-1984
- MANVILLE WAUFEGAN, ILL PLANT WASTE PILE
xxxxXX YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS Xsxxasx

ORJECTS HAVE (X = A) = 08.3@ FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STAPTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL .LOAD FREEZE INDEX (FI): LORNORMAL W/ MEDIAN = 873 MEAN = 935 S0, N=,6 345

H]l = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT) =- FINE-OGR&INED SOIL
UNFROZEN DRY DENS.m=100 PCF, WATER CONT.= 20.2) (B SaT) Ki=@ .81
FROZEN DRY DENS., = 0 PCF, WATER CONT.= 29,7/ C/L=.0080 L=3¢8 KF=1,15

H3M = OEJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASE PILE OF SOIL-=-HAVING:

UNFROZEN DRY DENS.=1e0 PCF, WATER CONT.= 20.3% (80 SaT) Fu=Q . @1
FROZEIN DRY DENS. = 90 PCF WwTER COUNT .= 2%7.7) C/L=,600T L=m3sS3 rF=),1S

")

BOTH COVEFR &ND W&ASTE PILE USE HERVE STRAIN, § = [0, 957 OF Max L
HEAV'E FR=CTION NOT RECOVERED ON THAWING, F = 8,10,
LAMEDRRSGRIN-F=(TOR) = .78 (AUG) .18 (S
ESTIMTES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND ¢ 251 = 2354 ERFIR IN KF’$S
CORFELATION COEFFICIENT BETWEEN K1,F AND K3,F, R1,3=0,80

FPY = AUG YEARS TO FIRST FROST PENETFATION TO DEPTH M1 AND RETUSN FERICD
UP.YRS = ESTIMRTED YEARS FOR OEBJECT UPFREEZING FROM Hi (FOR M1 FPFOFPS IN HW3) 8UT
CORRECT UP.YRZ FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL QBJECTS HAVING (X=-4) ¢ 0.30 FT
FOR H(=TCT: UP.YRS IS AN ESTIMATE (+ OR -~ CU%) OF YEARS TO UFFREEZE THRU COVER
LEQND = | STANDARD DEVIATION LOWER BOUND (LB,
AEOND = AESOLUTE LB FOR HEAUE STRmIN, UNRECOVER F&CTOR AND EPS.UF
RSG = ESTIMATED RELIABILITY (PROESBILITY) UP.YRS EXCEEDS S@ YERFRS

COVER THERM&L PROFERTIES IN W3 (RI.3=1) W=ITEPILE
FT F-DEG*DwYS PROB.,  ~e=—ce=-- YEARS ~==eeccee= 1 YEARS FT YE=FS FT
H1 TC(AVGKCY) FP(AVGLCVY) FPY UP.YRS CV LBOND ABOND RE( DELTA H3M  DELTA H3M
- 1.09 186 387 .9998 “ 334 o~ 334 333 jec 34 0.3 34 6.
1.10 225 294 .9983 e% 368 04 348 387 1e¢ 24 0, 24 @,
1.20 268 384 .9953 “ 483 O% 40z 4de0 j00 3& @, 25
1.36 315 384 .9881 X 43° @a% 429 433 180 28 0. 37
1.40 365 384 .9470 3% 478 e~ 477 447 1ee 41 @. 41
1.50 419 38 .93S1 74 S22 14 Si18 Sed  jev 44 @, 44
1.40 477 38, .8898 12 S22 24 563 523 1eo 54 6. $3
1.70 539 38) .8337 194 631 3% 613 S&7 10 &6 . 4%
1.680 404 384 .7711 284 706 5% 449 600 100 84 ES

1.90 673 38 7067 39/
2.00 745 38 .é440 49/

884 S/ 734 433 100 112
§38 184 868 647 100 157

it

NN D WNRN == ca 00 0o 30 pa ¢ ps oo
PP VO IO DODDODDIODPOIIDNIDIIDCOY
- - L] . L) ) . - . ) L) L) L] [] L] - ]
NNNRNNMNRNNDNNNNOOWWDYDWWW R DD WW

PODDPOOPPIODDDPVANOODDODD
NNRONNNNDDNDNWWOOWWW WWWW

2.10 822 38/ .5847 S9% 1138 214 894 700 1060 228 0. 22%
2.20 P82 384 .S5289 694 1415 384 §ya 733 1ee 343 @, 339
2.38 984 38V L4759 764 18528 4@ 111@ 747 100 524 9. £23
2.490 1073 38% .4250 83/ 2523 T1/4 1244 Beo 100 Bze 9. e1s
2.58 1165 384 .3755 8774 14 IBBP 614 139y 833 180 1312 €, 1304
2.60 1260 384 .3276 PV 18 S319 784 1579 B&? 100 23148 9. 2134
2.79 1358 384 .2816 944 28 8184 7874 1793 ¥9e@e 1ed 358T 0. T3
2.80 1461 384 .2383 9%/ 47 13022 84% 2050 933 100 408s 0. a04?
2.98 1547 384 .1984 97 78 21384 B9/ 2342 947 100 10479 Q. 10512 @.
3.80 1477 38% .1625 98% 133 35677 924 2749 1088 100 182446 0. 18151 @,
3.18 1791 384 .1318 98~ 229 6408981 9S4 3233 1833 106 32182 8, 319l 8.
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S=198Y% F=Q.22

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZS -- 19-31-198¢
MANUILLE WAUKEGAN, ILL PLANT WASTE PILE
XXX¥XX YEARS TO UFPFREE2E ORJECTS THRU COVER == PRELIMINARY RESULTS RXXXXX

DEJECTS HAVE (X = A) = @.3@ FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STarTInNG AT |
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 873 MEAN = §2¢ SD.LN8.365'

Hi ® DEPTH OF COVER AEQUE OBJECT, STARTING AT HIaTCT [FT] == FINE-GRaINED SOIL

UNFROZEN DRY DENS.= 10808 PCF, W&GTER CONT .= 20,3% (88X SAT wime 81 l

FROZEN DRY DENS, = o8 PCF, WATER CONT .= 25,7/ C/L=.008S L=3£%3 KF=1,(15%
H3M = OEJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
M3 = WaSE PILE OF SQIL-=-HAVING:
UNFROZEN DRY DENS.=100 PCF, WATER CONT.m 20,2 (B0 S&T) KU=0 .81
FROZEN DRY DENS. = 90 PCF WATER CONT.m 29,7/ C/L=.,0025 L=3ac> KkFs|,1%

EOTH COUER AND WASTE PILE USE HEAUE STRPAIN, § = 18%, ?S% OF MaxX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8.20,
LAMED&ESOR[N=-FACTOR] = ,78¢ (AVG) .1@ (SD)
E3TIM=TES USE MQD. BERGGREN EQU. W/ KERSTEN KF’S AND + 2T - 29 ERFCOR IN KF’S
CORRELATION COEFFICIENT BETWEEN KI1.F AND K3.F, R1.3=0,.80

FPY = AUG YEARS TO FIRST FROST PENETRATION TO DEPTH K1 AND RETURN PEFRIQD
UP.YRS = ESTIMTED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H] PROPS IN W3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3,
CONSERATIVE FOR &LL OEBEJECTS HAUVING (X-A) ¢ 0,36 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMARTE (+ OR =~ CV4) OF YEARS TO UPFREEZE THRU COVER
LEOND = § STANDARD DEVIATION LOWER EOUND (LEY,
ABOND = ARSOLUTE LB FOR HEAWE STRAIN, UNRECOUER FACTOR AND EFZ,UF
RS@ = ESTIMATED RELIABILITY (PROBABILITY) UP.YRE EXCEEDS %@ YEARS

COVER THERMAL PROPERTIES IN H23 (R1.32=]) WSTEPILE
FT F-DEG*DRYS PROB, — ====ec=-=- YEARS ~=eccccc=- Y YEARS FT YEAFS FT
H1 TCLVGUCVY) FP(AVUGACY) FPY UP.YRS CU LEBOND ABOND RS0 DELTA H3M DELTA H3M
1.80 186 381X .9998 0«4 1 167 0% 167 147 1080 17 .3 17 0.3
1.18 225 3874 .9988 @4 1 164 e~ 184 183 1ee 17 2.3 17 8.3
1.20 268 387 .9953 8% 1 201 oV 201 289 100 18 2.2 18 0.3
1.30 31T 384 .9841 ML 1 220 ox 21% 217 1ea@ 19 @.3 19 0.3
1.40 345 384 .9678 3% 1 229 ox 239 233 106 2@ 0.3 20 0.3
1.50 419 384 .9351 74 1 261 1% 25% 2%@ t00 23 8.3 23 .3
1.49 477 3874 .88%8 12/ 1 286 24 281 247 100 27 8.3 27 e.3
1.70 539 384 .8337 194 1 3146 3% 306 283 100 33 e.3 32 0.3
1.80 484 387 .7711 284 1 353 &% 335 300 1900 42 8.3 41 8.2
1.70 673 384 .7047 39%4 2 a2 4 347 317 1e@e S4 8.3 55 0.3
2.00 745 38 .6448 49/ 2 469 147 404 333 j00 78 8.3 77 8.3
2.18 822 384 .35847 594 3 $43 21%4 447 350 100 114 0.3 112 8.2
2.29 P02 3817 .35289 694 4 768 364 497 347 108 171 0.3 169 8.3
2.39 986 387 .4759 764 S y25 49% SSS 383 1ee 243 0.2 262 0.2
2.49 1073 387 .42%8 B3” 7 1262 Siv 622 4098 109 419 8.2 408 ©.2
2.50 1145 3687 .37%5 874 11 1793 é1% 499 417 1ee 656 0.2 652 9.2
2.60 1248 384 .3276 9?14 18 2640 70/ 799 433 108 1074 0.2 1667 0.2
2.78 1358 3874 .2816 94~ 28 4893 76/ 897 450 @@ 1793 @.2 178! 8.2
2,80 1461 38/ .2383 95/ a7 6511 84X, 1825 447 0@ 3043 0.2 3023 8.2
2.90 1567 38/ .1984 97% 78 18652 894 1181 483 je0 5239 8.2 5206 0.2
3.80 1677 3874 .1625 98% 133 17638 924 1374 Se8 1e@ 9133 8.2 9676 :.g

8.2 15991 8.

3.18 1791 384 .1318 98/ 229 384508 954 1617 S17 188 14689}
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C=18) F=d,3G

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -~ PROGRAM UPFREEZS ~- 10-3(-198¢4

MANVILLE WaUKEGAN, ILL PLANT WASTE PILE

¥xXxX¥X YEARS TO UFFREEZE OBJECTS THRU COVER -~ PRELIMINARY RESULTS #x£Xxx

OBRJECTS HAVE (X - &) = 9,32 FT (EFFECTIVE PARTICLE SIZE, EPS.UF> STARTING AT

TOP

OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI1): LOGNORMAL W/ MEDIAN = B73 MEAN = 935 SDh.,LN=,b 345

Hi = DEPTH QF COVER ABOVE OBJECT, STARTING AT HI=TCT (FT] == FINE-GRAINED SOQIL
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 22.3% (884 S&AT) Kie@ , 81
FROZEN DRY DENS. = 98 PCF, WaTER CONT.= 29.7/4 C/L=.8085 L=36%3 KFe),1S

H3M = OBRJECT LENGTH FOR Ma» UPFREE2E, STARTING IN:

H3 = WASE FILE OF SQIL-<~HAVING:

WMIFFOZEN DRY DENS.m108@ PCF, WATER CONT .= 20.,3¢ (&0% S&T) Klsd 81
FROZEN DRY DENS. = 9@ PCF WATER CONT.= 29,7/ C/L=,@83535 L=36323 KF=1,1$
BOTH COWER AND WASTE FILE USE HERVE STRAIN, € = 18%, PS4 OF MAX L

~— HEAVE FRaCTION NOT RECOVERED ON THRIWING, F = p.38,
LAMBOQXSAR[N-FQLTOR] = ,78 (AVG) .18 (SD)

ESTI

MSTES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S aND ¢ 2T - 2T/ ERROR IN KF’S

CORFRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, R1,3=0.60

FPY
UP.Y

FOR

Hi
‘.00
~. 18
1029
1.30
1.49
1.50
1.60
{1.70
1.880
1.98
2.00
2.10
2.20
2'33
2.409
2.50
2.68
2.70
2.80
2.98
3.08
3.58

= AUVG YEARS TO FIRST FROST PENETRATION TO DEPTH M1 aMND RETURN PERIOD
RS = ESTIM=TED YE&RS FOR CBJECT UPFREEZING FROM H1 (FOR Ml PROFS IN H3» BUT
CORRECT UP.YRS FOR DIFFEREINCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR aLL OBJECTE HAUVING (X-A) ¢ 0.36 FT
H1=TCT: UP.YRS IS AN ESTIMATE (+ Ok ~ CW0) OF YEARS TO UPFREEZE THRU COVER
LBOND = § STANDARD DEVIATION LOWER BOUND (LB,
ABOND = AESOLUTE LB FOR HEAVE STRAIN, UNRECOUVER FACTOR AMD EFZ.UF
RSO = ESTIMAKTED RELIABILITY (PRUBABILITY) UP.YRS EXCEEDS S0 YERRS

COVER THERMAL PROPERTIES IN H3 (R!1.3=D HaSTEPILE

F-DEG¥DAYS PROE. wmememese YEARS —c--c—e~=e % YER&RRS FT YEARE FT
TCAVGKCVY) FR(AUGKCV) FPY UP,YRS CV LBOND ABOND RSA DELTA H2M  DELTA H3M
168 384 .9998 eX% 1 111 b 11 111 180 11 8.3 11 8.3
225 38Y .P988 @4 1 123 88X 123 122 18@ 11 8.3 11 8.3
2468 384 .9?953 8«4 1 134 &% 134 133 1ee@ 12 8.3 12 8.3
315 384 .¥861 W4 1 148 0% 146 144 100 13 0.3 12 0.3
3¢5 384 .P670 3% H 159 ex 5% 1%é 1@ 14 ¢.3 14 8.3
419 3841 .¥3%51 74 ] 174 1% 173 147 100 15 8.3 1T 0.3
4?77 384 .8e8%8 124 i 1?1 24 182 1?8 1ee 18 0.3 12 0.3
839 384 .8337 194 5 218 3% 204 187 1680 22 0.3 20.3
464 38/ .7711 28% 1 235 S% 223 200 189 28 .3 z2e 0.3
473 38Y .7067 394 2 268 9% 245 21! tee 37 8.3 37 .3
745 384 .444@ 494 2 313 4% 24° 22 1e@ 2 0.2 £2 0.3
822 38 .3847 S5 3 377 214 298 233 1ee 76 ©.3 75 @.3
$02 384 .328% &%/ 4 472 3e% 331 244 R0 114 8.3 113 8.3
986 3B/L 4759 76X S 617 4@ 378 256 180 175 0.2 174 0.2
16?73 3684 .4258 B3A 7 841 3514 415 247 1989 273 8.2 272 8.2
1145 384 .3755 874 11 1196 614 444 278 109 437 8.2 435 8.2
1268 38/ .3276 91X 18 1773 70% S26 289 169 716 0.2 711 8.2
1358 384 .2816 94% 28 2729 78% Spe 368 188 1195 8.2 1188 8.2
146) 38/ .2383 934 47 4341 84/ 683 31§ 188 2029 0.2 2016 8.2
1547 38/ .1984 974 78 7181 B89% 7?87 322 188 3493 e.2 2471 8.2
1477 384 .1625 98/ 133 1168%2 924 P14 333 1886 408? 0.2 60850 0.2
1791 384 .1310 %81 229 208380 954 1878 344 180 19727 8.2 10461 8.2
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S=1087 F=3.49

THERMAL AND UPFREEZING ANALYS!S ESTIMATES =-- PROGRAM UPFREE2S -~ 18-31-1986
MANUTLLE WAUKEGAN, ILL PLANT WASTE PILE
XXXXXX YEARS TO UPFREEZE OBJECTS THRU COMER -- PRELIMINARY RESULTS Xxxxkx

OBJECTS MAVE (X = A) = 9,30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) ST&RTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THEPMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 873 MEAN = 93 SD,LN=, 345

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI1=sTCT [FT) == FINE-GRAINED S$OIL
UNFROZEN DRY DENS.=1008 PCF, WATER CONT .= 20,34 (88X SAT) KU=mQ .81
FROZEN DRY DENS. = 99 PCF, WATER CONT .= 29,74 C/L=,8085 (=388 KF=1,15S

H3M = OBRJECT LENGTH FOR ™MAaX UPFREEZE, STARTING IN:

H3 = WaSE PILE OF SOIL-=HAVING:

UNFROZEN DRY DENS.=10@ PCF, WATER CONT.= 28,3 (80X SAT KU=Q,81
FROZEN DRY DENS. = 98 PCF W~TER CONT .= 29.7. C/L=.88ES L=3458 kF=},1S

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 10X, 98 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMEDAXSQR(N=-FACTCR] = ,70 (AUG) .10 (SD)
ESTIMaTES USE MOD. BERGGREN EQU. W/ KERSTEN KF‘S AND + 2Tx - 28/ ERROR IN KF’S
CORRELATION COEFFICIENT EETWEEN K!.F AIND K3.F, R1.3=0.00

FPY = AUG YEARS TO FIRST FROST PENETRATION TO DEPTH M1 AND RETURMH PERIQD
UP.YRS = ESTIMSTED YEARS FOR OBJECT UPFREEZING FROM H) (FOR H1 FROFS IN H3) EBUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X=A) ¢ 0.30 FT
FOR Hi=sTCT: UP.YRS IS &N ESTIMATE (+ OR - C\L) OF YEARS TO UPFREEZE THRU COVER
LBOND = 3 STANDAFRD DEVIATION LOWER BOUND (LB),
ABOND = AESOLUTE LB FOR HEAVE STRAIN, UNRECOVER FALTOR AND EPS.UF
Se = ESTIMATED RELIABRILITY (PROBABILITY) UP.YRS EXCEEDS S8 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=D) Wa3TEPILE
FT F-DEGXDAYS PROB.,  ====c==-- YEARS ==w=- —==== Y/ YE&ARS FT YERRS FT
H1 TCAVGLCY) FP(AVGLLYY FPY UP.YRS CV LBOND ABOND RS2 DELTA H3M DELTA H3M
1.08 186 38% .9998 e« 1 83 e 83 82 1ee 8 .3 e e.3
1.10 225 384 .9988 @4 1 92 8% 92 P2 100 9 0.3 9 8.3
1.20 248 384 .9953 %4 1 181 ex 181 1e0 1e@ ? 0.3 ? 8.3
1.30 315 384 .98461 1% 1 1186 ex 116 188 jea ? €.3 9 0.3
1.4¢ 345 384 .9é70 3/ 1 120 @4 119 117 180 1@ 0.3 18 9.3
1.50 41% 387 9351 74 1 138 130 125 1e¢ 11 0.3 i1 0.3
1.640 477 384 .8898 12% 1 143 2% 141 133 100 12 0.3 13 8.3
1.78 S39 384 .8337 194 { 158 3% 153 142 160 16 8.3 16 8.3
1.80 604 384 .7711 284 1 176 S/ 167 150 190 21 0.3 21 8.3
1.90 473 38% 7847 3V 2 201 9% 183 S8 109 28 0.3 28 0.3
2.00 745 381 .6449 49/ 2 234 14 202 147 108 39 8.3 s9 8.3
2.18 822 38/ .5847 594 3 282 214 223 175 180 57 e.3 56 8.3
2.20 902 38% .35289 &9/ 4 354 307 249 183 199 86 0.3 85 0.3
2.30 P86 384 .4759 7&Y S 462 490 278 192 109 132 @.2 131 8.2
2.48 1073 381 .4250 834 7 621 S/ 311 2ee 100 265 0.2 204 0.2
2.50 1165 384 .3755 87/ 11 897 414 35 20€ 1080 328 0.2 326 8.2
2.60 1260 384 .3276 91% 18 1330 78X 395 217 168 8537 0.2 534 0.2
2.78 1358 384 .2816 94/ 28 2847 78 448 225 100 894 0.2 8?1 0.2
2.80 1441 38% .2383 954 a7 3255 84% 512 233 1890 1521 8.2 1512 8.2
2.98 1567 38%4 .1984 97/ 78 5324 894 SP1 242 188 2428 8.2 2483 8.2
3.80 1477 384 .1625 98% 133 8919 924 687 250 108 4547 8.2 4538 0.2
3.18 1791 384 .131@ 98/ 229 15225 9%/ 688 258 100 B84s 0.2 799S 8.2
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S=10). Fay.,53

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZS -- 1@-31-1986
MANVILLE WaAUKEGAN, ILL PLANT WASTE PILE
XXX%XXX YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY REZULTS Xrxx¥xx

OBRJECTS KAVE (X -~ A) = 9.30 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STARTING AT
TOP OF WASTE PILE~-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI>: LOGNORMAL W/ MEDIAN = 875 HEA& = 35 SD.LN=,35S

#H1 = DEPTH OF COVER ABOVE OQORJECT, STARTING AT HI=TCT (FT] -~ FINE-GRAINED SOIL
UNFROEN DRY DENS.=10@ PCF, WATER CONT.= 20,3/ (B&Y SAT) KUu=@ .81
FROZEN DRY DENS. = 54 FCF, WATER CONT.= 29,7/ C/L=.0¢8%5 (=343 KF=1.,1%

H3M = QEJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

W3 = Wa3SE PILE OF SOIL~-~-HAVING:

UNFRCOZEN DRY DENS.= 100 PCF, WATER CONT .= 24.3% (86Y saT) kl=Q, 21
FROZEN DRY DENS, = 98 PCF WATER CONT.= 29.70 C/L=,060c5 L(m24%2 KF=]1,1%

BOTH COUVER AND WAITE PILE USE HEAVE STRAIN, S = 10, ¥ OF MAY L
HEAVE FR&CTION NOT RECOVEFED O THRIIING, F = 8,850,
LAMEDRXSARIN=-F&ITOR) = .78 (AVUG) .18 (SD)
ESTIMARTES USE MOD., BERGGREN EQU. W/ KERSTEN KF’S aND « 2% - 2T ERRCOFR IN KF’S
CORRELATION COEFFICIENT BETWEEN Ki!.F AND K3.F, R1.3=0.080

FPY = aVG YEARS TO FIRST FROST PENETRATION TO DEPTH WI AND RETURN FER]IQD
UP.YRS = ESTIMATED YERRS FOR OBJECT UPFREEZING FROM H1 (FOR H1 PROPS IN M2 BUT
CORRECT UP.YRS FOUR CIFFERENCE IN DELTA’S WHEN QBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HWAVING (X=-RA) ¢ ©.39 FT
FOGR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - C\W) OF YEARS TO UPFREEZE THRU COVER
. LBOND = | STANDARD DEVIATION LOWER BOUND (LB,
ABOND = ABRSOLUTE LB FOR HMEAVE STRAIN, UNRECOVER FACTOR aND EPS.UF
RSO = ESTIMATED RELIABILITY (PROBABILITY) UF.YRS EXCEEDS 5S¢ YEARS

COVER THERMAL FROFPERTIES IN HZ (Ri,23=1) WASTEPILE
FT  F-DEGXDAYS PEROB. ceweemene YEARS ~=mmeceee- Y. YEARS FT  YEARS FT
H1  TC(AUGACY) FP(AUGMACVYY FPY UP.YRS CU LBOND ABOND RSO DELTA H3M DELTA H2M
1.00 188 384 .9998 Q% t &7 e &7 &7 tea 7 8.3 7 e.3
1.10 225 387 .9988 ex 1 7?4 o« 74 73 tee 7e.3 7 0.3
1.20 268 384 .9953 ox 1 81 % 81 ge 100 7 8.3 7 8.2
1.3¢0 315 334 .98B&! % 1 88 o« g8 &7 106 8 0.3 7 0.3
1.40 345 38”% .P678 3% 1 P& 0 S 93 108 8 0.3 £ 0.3
1.50 419 38/ .935t 7% 1 184 1% 184 1ea 1@e0 $ 8.3 9 e.3
1.60 477 38/ .8898 12/ 1 114 2 113 107 1eeo 11 0.3 11 .3
1.78 %29 387 .8337 19% } 126 3% 123 113 1ee@ 13 8.3 13 8.3
1.80 684 387, 7711 28% 1 141 5% 134 120 160 17 0.3 17 0.3
1.90 673 38, .7067 394 2 161 9% 147 127 180 22 8.3 22 9.3
2.00 745 38Y .44408 497 2 188 14% 162 133 1@ 31 8.3 31 0.3
2.19 B22 38/ .5847 594 3 226 21% 179 148 100 45 2.3 45 8.3
2.29 982 .38/ .S5289 &%% ) 283 304 199 147 189 49 0.3 é8 8.3
2.3 984 38 .47%9 6% -] 37@ 48, 222 1%3 109 185 8.2 10% 0.2
2.492 1873 38/ .4259 83/ ? sp% X1 24% 140 180 164 0.2 163 0.2
2.50 1165 38/ .37%5 87% 11 718 614 2808 147 108 262 8.2 261 9.2
2.60 1260 384 3276 1% 18 1044 70 316 1?73 1ee 438 0.2 427 8.2
2.79 1358 38/ .281& P4% 28 1637 787 359 180 1@@ 717 9.2 713 8.2
2.80 1441 3874 .2383 9%5% 47 2404 B4YZ 418 187 18p 1217 9.2 1289 0.2
2.98 1547 384 .1984 97 78 4241 B9/ 472 193 188 2896 8.2 2082 8.2
3.0 1677 387 .1625 984 133 713% 92/ S58 200 18@ 3653 8.2 3438 0.2
3.18 1791 384 .1310 984 229 12180 9S54 647 207 180 6436 0.2 6396 0.2
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S=20¢% F=0.10

THERMAL AND UFFFEEZING ANOLYSIS ESTIMATES =~- PROGRAM UFFREEZSX == 10-31-193%
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
xXxa%x YEARS TO UPFREEZE OBJECTS THRU COVER =~ PRELIMINARY RESULTS Xxxxxx

DEJECTS HAVE (X - A) = @,3@8 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAC FREE2E INDEX (FI): LOGNORMAL W/ MEDIAN = 675 MEAN = 935 SD.(N=,.345

H1 = DEPTH OF COVER AEOVE OBJECT, STARTING AT Hi=TCT (FT]l == FINE-GRAINED SOIL
UNFROZEN DRY DENS.m120 PCF, WATER CONT.= 20,34 (B0X SAT) ki=C .81
FRCOGZEN DRY DENS. = 8@ PCF, WATER CONT.= 37,74 C/L=.607s L=4124 ¢F=1,1@

H3M = QEJECT LENGTH FOR MaX UPFREEZE, STARTING IN:

H3 = WASE PILE OF SOIL--HAVING:

UINFROZEN DRY DENS.=10Q PCF, WATER CONT.m 26,3 (g0 S&T k=3, 81
FROZEN DRY DEINS., = 80 PCF WATER CONT.=m 37.74 C/L=,0087¢ L=4124 KF=j,|E

BOTH CCUER AND WATTE PILE UIE HE&VE STRRIN, § = 20/, ¥4 OF M= L
HER'UE FR&CTION NCT RECOVEFRED ON TraidING, F = 6,10,
LEMEDRRSDRIN-F&CTOR] = 78 (AVG) .18 (SDY
ESTIMsTES USE MOD. EERCGOFEN EQU. W/ KEFSTEN KF’S AND ¢ 2300 - 2T ERPOR IN KF’S
CORFRELATION COEFFICIENT BETWEEN K1.F &ANND #3.F, R1,3=0.00

-

HX) BUT

FPY = QUG YEAFS TO FIRST FROST FENETRATION TC DEPTH H{ &ND RETURN FES
UF.YRS = ESTIMATED YEwRS FOR QBJECT UFFREEZING FROM HI1 (FOR H} PROPS I
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H2,
CONSERRTIVE FOR ALL OEBJECTS HAUVING (X-A) ¢ 8.30 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR = C\%) OF YEARS TO UFFREEZE THRU COVER
LEOND = | STANDARD DEVI&TION LOWER BOUND (LB),
AED = AEOND = APIQLUTE LE FOR HERVE STReIN, UNRECOVER FACTOFR aMD EPZ.UF
RSO = ESTIMATED RELIAEBILITY (PROBmEILITY) UF.YF3 EXCEEDS SG YERRS

!
N

COVER THERM&AL PROPERTIES IN H3 (Ri1.3=1) WeITEFPILE

FT F-DEG¥DAYS PRCOB., = =====m=-= YEARS =—m=memmmeee- %  YEARS FT  YEmRS
H1 TCAVGLCVL FPaVGaCUZ  FPY  UP.YRS CV% LBOND AEBD RS¢ DELTA H3M  DELTA
1.8 244 38 .998 ©.22 1 148 8.02 148 137 le@ 18 .3 18
1.1 295 33 .991 .91 1 136 @.87 186 183 100 19 .3 19
1.2 2%1 38 .974 2.71 1 286 ©.25 205 200 Q@ 21 .2 21
1.3 412 38 948 &.31 1 228 @.67 22& 217 180 24 .3 24
1.4 477 28 .890 12.25 1 254 1.60  2S@ 2323 100 25 .3 2
1.5 532 33 .825 20.70 1 288 3.38 273 2%@ 100 37 .3 37
1.6 6z4 38 .7%52 21.29 1 322 6.51 318 267 160 51 .3 <y
1.7 784 38 ,679 43.16 2 395 11.56 339 283 10¢ 74 .3 73
1.8 789 38 489 S%.15 2 488 19.02 395 308 160 112 .2 112
1.9 879 38 ,544 &é.14 3 632 28.73 4%3 317 100 174 .2 172
2.0 974 38 .423 75.37 < gTS 40.10 S14 333 100 279 .2 277
2.1 1874 38 ,425 B82.40 7 1221 S2.14  S8% 3%T2 160 4ss .2 462
2.2 1179 38 .24 87.96 12 1866 63.67  &78 367 100 ges .2 798
2.3 1288 38 .314 91.77 20 2984 73.48 785 383 1de 1438 .2 1418
2.4 1403 38 .262 94.41 35 4999 81.66 917 408 100 2400 .2 2579
2.5 1522 38 .215 94.21 63 8718 87.59 1881 417 100 4822 .2 4762
2.6 1646 38 .172 $7.43 115 15666 91.77 1289 433 100 9691 .2 9016
2.7 1776 38 .135 $8.25 213 28901 $4.61 1558 450 180 17379 .2 17238
2.8 1909 38 1084 98.80 483  S4397 94.48 1913 447 1800 33614 .2 32345
2.9 2048 38 .878 99.17 773 104935 $7.70 2388 483 100  &54&1 .2 65145
3‘0

2192 38 .858 99.42 1499 201527 98.49 3034 500 1898 129323 .2 128327
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S=2Q F=p, 20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES == PROGRAM USFREEZSX == 10-231-1994
MANVILLE WaUKEGAN, ILL PLANT WASTE PILE
XEXXXX YEARS TO UPFREEZE OBJECTS THRU COVER =~ PRELIMINARY RESULTS X¥xxxx

CRJIECTS HAVE (X - A) = 8,38 FT (EFFECTIVE PRRTICLE SI2E, EFS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TUTAL THICKNESS = TCT .

THERMAL LOAD FREEZE INDEX (Fl): LOGHCRMAL W/ MEDIAN = 875 MEAN = 935 £D,['im, 34S

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT) == FINE~GRAINED SOOI
WNFROZEN DRY DENS.=100 PCF, WATER CONT .= 20.3% (g0 SaT) Ki=¢, 0}
FROZEN DRY DENS., = g@ PCF, WeTER CONT.= 37,7/ C/L=.¢076 L=d41z4 wF=i,i18

H3M = CEJECT LENGTH FOR MaX UPFREEZ2E, STARTING IN:

H3 = WaSE PILE OF SOIL-=HAVING:

UWNFROZEN DRY DENS.= 130 PCF, WATER CONT.= 20.3', (83 AT pmQ 81
FROZEN DRY DENS., = && PCF WATER CONT.= 37,70, C/L=.607¢ Lwd4124 KF=y, 13

BOTH COUVER AND WASTE PILE USE HEAVE STRAIN, € = 20, 9% OF MaX L
~— HERQUE FRACTION NOT RECOVERED ON THA&IING, F = 8,20,
LAMEDAXSORIN-FAITCR) = .78 (V) .10 (S
ESTIMATES USE MOD. BERGGREN EOU. W’ KERSTEN KF’S AND ¢ 25/ = 2% ERROR IN KF’S
CORRELATION CUEFFICIENT BETWEEN K1.F AND K3.F, R!.3=0.00

FPY = UG YEARS TO FIRST FROST PEMETRATION TO DEFTH HI AND RETUPY BPERICD
UP.YRE = ESTIMATED YEARS FOR OQBJECT UFFREEZING FROM H! (FOR Wl FPRCPS INv W3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
COMSERATIVE FOR ALL CEJECTS HAVING (X-A) { @.36 FT
FOF Hi=T(T: UP.YRS IS AN ESTIMATE (¢ OF = C.%) OF YEARS TO UPFREEZE THRU COVER
LBUND = | STaNDARD DEVIATION LOKER BOUND (LB,
ABD = ABOND = AESQLUTE LB FOR HERVE STRAIN, UNRECOVER FACTCR AND EPS,UF
RS@ = ESTIMATED RELIABILITY (PRUB-EILITY) UP.YRS ES.IEEDS €2 YEARS

COVER THERMmL PROPERTIES IN HZ ‘R1.3=D bemITEFILE

FT F~-DEGX¥DAYS PROR,  =—cccwea= YEMRSE =—ewecceecee— A YEAPS FT  YERKS

H1 TCAUGRCUYZ FPAUGL(C./ FPY UP.YRS (V% LEOND ABD FSo DELTA H3M  DELTA
.0 2644 3& .98 0,22 1 &4 9.,082 B4 &3 10 Y .3 ®
~1.1 2% 323 .91 .91 1 92 0.07 ®3 92 e % .2 ®
1.2 £1 23 .974 2.71 1 103 .25 183 100 1e¢ 10 .3 10
1.3 412 38 .94 6.31 1 114 90.67 113 182 @@ 12 .3 12
1.4 477 38 .e%e 12.25 1 127 1.é480 12% 117 16¢ 15 .2 14
1.5 548 38 ,825 2¢.78 1 144 3,38 139 3125 ¢ 19 .2 18
1.6 624 38 .752 31.29 1 166 6.51 1% 133 fe¢ 26 .2 25
1.7 704 38 .47% 43.16 2 197 11.%68 175 142 1¢0 37 .23 ?
1.8 769 28 .409 S5.15 2 244 19.82 198 150 100 =7 .2 S
1.9 8?9 38 .%44 &4.14 3 316 28.73 225 158 @6 87 .2 86
2.0 974 38 .482 75,37 s 429 40.1@ 257 167 €6 139 .2 128
2.1 1874 38 .425 82.48 7 615 =2.14 294 175 1ee 233 .2 221
2.2 $179 38 .368 87.%¢6 12 933 63.67 339 183 198 4e3 .2 399
2.3 1289 38 .314 91.7? 28 1492 73.68 393 192 1@¢ 715 .2 7es
2.4 1483 38 .262 94.41) 35 24%9 E1.66 458 208 100 13606 .2 1289
2.5 1%22 38 .215 96.21 - 63 43%S 87.59 549 208 180 2411 .2 2391
2.8 1646 38 .172 97.43 115 7833 91.77 444 217 100 454%s .2 4586
2.7 1776 38 .135 96.2% 213 144%0 94.61 779 225 109 8489 .2 8619
2.8 1969 28 .184 98.88 483 27199 96.48 954 233 1@@ 16807 .2 16473
2.9 2048 38 .9078 $9.17 773 52017 97.7¢ 1194 242 108 32832 .2 32572
3.8 2192 33 .8%58 99.42 1499 180743 98.49 1517 250 109 64662 .2 é4164
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S=20% F=9.za

THERMAL AND UPFRECZING ANALYSIS ESTIMATES =~ PROGRAM UPFREEZSEX ~- 10-31-198¢
MANVILLE WaQUKEGAN, ILL PLANT WASTE PILE
EXXXXX YEARS TO UPFREE2E OBJECTS THRU COVER == PRELIMINARY RESULTS Xzxx¥x

OBJECTS MAVE (X = A) = 9,30 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STARTING AT
TOP OF WASTE FILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THEPMAL LOAD FREEZE INDEX (FI): LOGNORIAL W/ MEDIAN = §75 MEAN = 9% SD.LN=.365|

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi1=TCT [(FT) -- FINE-GRaINED SOIL }
UNFROZEN DRY DENS.=180 PCF, WATER CONT.m 20.,3% (&4 SaT) Kima ., el
FROZEN DRY DENS. = 806 PCF, WATER CONT.w 37,7 C/L=.0078 L=43124 KkF=},18

H3M = OBJECT LENGTH FOR MAX UFFREEZE, STARTING IN:

H3 = WAZE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=mi@@ PCF, WATER CONT.= 20,.3% (80 4T MU=g .21
FROZEN DRY DENS. = B8O PCF WATER CONT.m 37,74 C/L‘ 067e L=4124 KF=1,18
'
BOTH COVER AND WASTE PILE USE HERVE STRAIN, § = 20, 9T/ OF MAX L

HEAVE FRaCTION NOT RECOVERED ON THAWING, F = 2,30,

LAMEDA® SOR[N-F&CTCOR] = .78 (AUG) .10 (SD)
ESTIMATES U3E MOD., EBERGGSREN EQU. K/ KERSTEN KF’S AND + 2%/ - 25% EFRIR IN KF’S
CORSELATION COEFFICIENT BETWEEN Ki{.F AND K3.F, R1.3=0,06

FPY = AU'G YEARS TO FIRST FROST FENETRATION TQ DEFTH HI AMND RETURN PEEIQOD
UP.YRS = ESTIMATED YEARS FOR OEJECT UFFREEZING FROM M1 (FCOR H1 PROFS IN HX BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN KW3.
CONSERATIVE FOR ALL CBJECTS HAVING (X-A) ¢ 0,30 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMRTE (¢ OR - CU%) OF YEARS TO UFFREEZE THRU COVER
- LBOND = 1 STaNDARD DEVIATION LOWER EQUND (LB)Y,
ABD = ABOND = ARSOLUTE LB FOR HEAVE STR&AIN, UNRECOVER FACTOR «ND EFS.UF
RSG = ESTIMATED RELIARBILITY (PROBEILITY) UP.YRS EXCEEDS S0 YERKRS

- COVER THERMAL FROPERTIES IN M3 (Ri.3=p WASTEFILE
FT F<DEG»DAYS PROB., =cccceec-- YEARS ww=m—ceave« - Y YE~FRS FT YEARS
H1 TCAVGKOVL FPAUGLCV FPY UP.YRS C\V% LBOND ABD RE0 DELTA H3M DELTA -
1.9 244 38 .98 .22 1 Sé 0.02 Sé Sé 100 6 .3 é
1.1 295 338 .991 @.91 1 é2 @.e7 &2 é1 1@o0 é .3 é
1.2 3T1 32 974 2.71¢ 1 é9 @.25 €8 67 106 7 .3 7
1.3 412 38 .940 4.31% 1 76 0,87 7S 72 tee 8 .3 8
1.4 477 38 .8%0 12.2 1 es 1.489 83 78 ic0e 1e¢ .3 1e
1.5 S48 38 .825 20.70 i 6 3.38 $3 B3 169 12 .3 i2
1.6 624 38 .7%2 31.29 1} 111 4.31 193 &89 {ee 17 .3 17
1.7 784 38 .679 43.16 2 132 11,546 116 94 180 25 .3 24
1.8 78% 38 .é8% $5.15 2 163 19.02 132 100 109 38 .2 ?
1.9 879 38 .%44 44.14 3 211 28.73 150 1046 100 58 .2 57
2.9 974 38 .483 75.37 S 286 46,10 171 111 1@ 93 .2 92
2.1 1074 38 .425 R2.40 7 4198 S52.14 196 117 teo 1S5 .2 154
2.2 1179 38 .348 87.9¢ 12 822 63.&7 224 122 1e0 248 .2 2466
2.3 1288 38 .314 91.77 29 995 73.68 2¢2 3128 109 477 .2 473
2.4 1483 38 .262 94.41 35 1666 B1.66 3048 133 108 847 .2 R-T1 '
2.5 1522 38 .215 96.21 é3 2903 87.59 368 139 100 16807 .2 1594
2.6 1646 38 .172 97.43 115 5222 91.77 430 144 1@e@ 3e3e¢ .2 3ee5
2.7 1776 38 .135 98.25 213 9634 94.61 S19 150 108 S793 .2 5744 l
2.8 1909 38 .ie4 968.89 483 18132 96.48 638 1546 100 1205 .2 11115
2.9 2948 38 .878 99.17 ?73 34478 97.70 796 161 189 21887 .2 21718
3.8 2192 38 .938 99.42 1499 67176 98.49 1011 147 106 43108 .2 427746 ®

c-12



$€=20Y, F=Q,40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSX == {G-21-1986
MANVILLE WAUKEGAN, JLL PLANT WASTE PILE
XXXXXX YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS Xssxax

DSJECTS MAVE (X - A) = 8.30 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STWRTING AT
TGP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREE2ZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 93T Sh,LN=,345

Hi = DEPTH OF COUER ABOVE CBJECT, STARTING AT Hi=sTCT (FT] == FINE-GR=INED SOIL
UNFROZEN DRY DENS.=100 PCF, WATEF CONT.= 20,374 (&CX S<TO k=g ,E!
FROZEN DRY DENS. = 80 FCF, WATER CONT.= 37.7/ C/L=, 0076 L3diz4 rF=),13

H31 = OBJECT LENGTH FOR MAxX UPFREE2E, STARTING IN:

H3 = WatE PILE OF SQIL--H&VING:

WFROZEN DRY DENG,.m1ed PCF, WATER CONT .= 20,34 (0% SaT LA -3
FRO2EN DRY DENS, = 80 PLF WaTER CONT.m 37.7/% C/L=.007& L=4)Z&4 FF=],18

BOTH COVER aNlD WASTE PILE USE HEAUE STRAIN, S = 28%, 9% CF M-~ L
~ HEMVE FRCTION NOT RECOVERED ON THWING, F = .40,
La20ar SORIN-FACTOR] = .20 (AVG) .10 (S
ESTIMGTES USE MOD., BERGOGREN EQU. W/ KERSTEN KF’S AaND ¢ 257 - 25, ERRCR IN KF‘S
CORRELATION COEFFICIENT BETWEEN K1,F AND K3,F, R1,3w¢.00

FPY = AVG YEARS T0O FIRST FROST PENETRATION TO DEPTH M1 a&tD RETURN PEFIQD
UP.YRE = ESTIMATED YERRS FOR CEJECT UPFREEZING FROM Ml (FOF H1 PROFS IN W3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN QEBJECT IN H3,
COSERQTIVE FOR ALL CEJECTS HAUVING (X=&) ¢ @.,.3¢ FT
FOR Hi=TCT: UP.YRS IS aN ESTIMATE (¢ OR ~ %) OF YEARS TO UPFREEZE THRU COVER
: LBOND = § STANDaRD DEVIATION LOWER BOUND (LB,
AED = AEIND = ARSOLUTE LB FOR KEAVE STRAIN, WNRECDVER FaITOR &ND EFS.UF
RSe = ESTIMSTED RELIABILITY (PROEBSBILITY) UP.YRS EXCEEDS T@ YESRS

COVER THERMAL PROPERTIES IN H3 (Ri.2=1) WaSTEFILE
FT F-DEGxDAYS PROB,  =~====ee= - YEARS - % YEAFS FT  YEARS
H1 TCAVGOUY FPAVGACLY FPY UP.YRS CV LBOND ABD RS9 DELTA HIM [ELTA

1.6 244 33 .99e 0.22 1 42 e.e2 a2 42 @ 4 .3 a4
1.1 255 33 .9%1 0.9} 1 4s 0.7 as as @ s,z s
1.2 351 28 .¢74 2.71 1 5T 0.25 £{ Sp 106 s .z 5
1.2 412 38 ,540 6.31 1 57 0.&7 s> 53 100 6 .3 é
1.4 477 28 .90 12.25 1 64 1.40 63 S8 1@0 7 .z ?
1.5 S48 38 .82z%5 20.70 1 72 3.38 69 &3 100 9 .2 9
1.6 624 38 ,7%2 31.29 1 83 6.%1¢ 78 &7 190 13 .3 13
1.7 7084 38 .679 43.16 2 9 11.5& 8”7 71 100 19 .3 1&
1.8 789 38 ,409 S5.15 2 122 19.62 99 7S 100 29 .2 28
1.9 8?9 38 ,544 &4.14 3 158 28.73 113 7?79 tee 43 .2 43
2.8 974 38 .483 75.3? s 215 40,10 129 &3 100 79 .2 6%
2.1 1874 38 ,425 82.40 7 20e %2.14 147 85 100 117 .2 116
2.2 1179 38 .348 B?.94 12 447 63.67 16% 92 100 201 .2 209
2.3 1288 38 .314 91.77 20 744 73.68 196 94 1ife 357 .2 ass
2.4 1403 38 .262 94.41 35 1250 81.46 225 106 180 650 .2 . 645
2.5 1522 38 .215 96.21 é3 2177 87.5% 278 184 3109 1285 .2 1195
2.6 1646 38 .172 97.43 115 3917 91.77 322 108 100 2273 .2 2254
2.7 1774 38 .13%5 98.25 213 7225 94,61 399 112 190 434S ,2 4209
2.8 1909 38 .104 $8.60 403 13599 96.48 478 117 1080 8404 .2 833¢
2.9 2048 38 ,078 $9.17 7?73 24009 $7.70 S97 121 19@ 16415 .2 16286
3.8 2192 38 .0%58 99.42 1499 50282 96.49 7SS9 125 jee 32331 .2 32822
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=2 F=3.23

THERMAL AND UFFREEZING ANALYSIS ESTIMARTES == PROGRAM UPFREE2ZSX -- 108-31-1954
MANVILLE WAUKEGAN, ILL PLANT WSTE PILE
AXX¥X¥% YEARS TO UPFREE2E OBJECTS THRU COVER == PRELIMINARY RESULTS x2sxxx

0BJECTS HAVE (X = A) = 0,20 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (F1)>: LOGNORMAL W/ MEDIAN = 8735 MEAN = 93T SD. Ne, 3%

M1 w= DEPTH OF COVER ABOVE OBJECT, STARTING AT HIsTCT (FT] <= FINE-GR&INED SQIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT .= 20,3% (80 SAT) KlU=0 .81
FRO2EN DRY DENS. = 80 PCF, WATER CONT.= 37,7 C/L=, 6074 L=<]24 VyF=y, 19

H2M = CBRJECT LENGTH FOR MaX UFPFREEZE, STARTING IN:

H2 = WASE PILE OF SOIL-=HaVING:

U FROZEN DRY DENS.=10Q PCF, WRTER CONT.m 2,3 (&0 ST ¥l=2 81
FROZEN DRY DENE, = €06 FPCF WaTER CONT .= 37.7/4 C/L=.887&6 L=412d FKF=1,18

BOTH COVER AND WASTE PILE USE HERVE STRAIN, S = 28, ¥S4 OF M L
HERVE FR=CTION NOT RECOVERED O THAMING, F = .30,
LAMEDGE 2GRIN-FALTOIR] = ,7¢ (AVG) .10 (&D)
ESTIMATES USE MO0, BERCOFEN EGQU. W/ KERSTEN KF’S AND ¢ 2T = 2500 EFRCOR I KF'S
CORRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, R1.3=0,00

FPY = QUG YEARS TO FIRST FROST PENETR&TION TO DEFTH HY AND RETURN PERICD
UP.YRS = ESTIM~TED YEARS FOR OBJECT UFFREEZING FROM H1 (FOR H1l PROFS IN H3 EBUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN HZ,
CONSERATIVE FOR ALL OBJECTS HAVING (X=w) ¢ 8.328 FT
FOR H1=TCT: UP.YRS ]S AN ESTIMATE (+ OR - CV4) OF YERRS TO UPFREEZIE THRL COVER
LEOND = | STANDARD DEVIATION LOWER BOUND (L&),
AED = A5JMND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FATTOR AND EFS.UF
RSO = ESTIMATED RELIAEBILITY (PROBABILITY) UP.YRS Ex(EEDS S8 YERFS

COVER THERMAL PRCPERTIES IN H2 (R1,3=1) WaSTEPILE
FT F-DEGXDAYS PROE. ~cemmece~ YEARS =c=-mmme=meo- %  YERRS FT  YEARS
HI TCAUGACWY FPAUG&CVY FPY UP,YRS CU% LBOND AED RS@ DELTA HX1  DELTA
1.6 244 38 .998 0.2z 1 34 @.02 24 23 e 4 .3 4
1.1 29% 238 .P%1 0.91 1 37 @.07 37 37 @ 4 .3 a
1.2 3%1 38 ,974 2.71 1 41 .25 41 ae @ 4 .3 4
1.3 412 38 .940 6.3t 1 a6 0.47 45 43 @ s .3 s
1.4 4?7 38 ,g89@ 12,25 1 1 1,40 €0 47 8é & .3 &
1.5 548 23 ,82%5 20.79 1 53 3,38 Ss =0 160 7 .3 ?
1.6 424 38 .7%2 31,29 1 66 6.51 ¢z 53 100 10 .3 16
1.7 784 38 .679 43,16 2 79 11.56 70 S7 1ee 15 .3 15
1.8 789 38 ,689 $5.15 2 98 19.02 79 @ 1o 22 .2 22
1.9 879 38 .544 64.14 3 12¢ 28.73 98 43 100 s .2 24
2.6 974 38 .463 75,27 s 172 46.16 103 &7 1ee g6 .2 sS
2.1 1874 38 .42% 82.60 ? 244 S2.14 11E8 79 108 93 .2 92
2.2 1179 38 .368 67.96 12 373 63.67 136 73 1ee 161 .2 1¢0
2.3 1288 38 .314 91.77 20 597 73.48 157 7?7 100 28¢ .2 284
2.4 1493 38 ,262 94.41 3s 1e¢@ B1.66 IE3 80 188 s2¢ .2 Sle
2.5 1522 38 .215 96.21 63 1742 87.5% 216 B3 108 964 .2 954
2.6 1646 38 .172 97,43 115 3132 91.77 258 867 108 1818 ,2 - 1803
2.7 1776 38 .135 98.25 213 780 94.61 312 98 100 3476 .2 - 344¢
2.8 19e9 28 .104 98.80 403 16879 94.48 383 93 100 6723 .2 6869
2.9 2048 38 .078 $9.17 773 20807 $7.76 478 97 180 13132 .2 13029
3.8 2192 38 .05€ 99.42 1499 40305 96.49 687 180 18@ 25845 .2 25465
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OBJECTS HAVE (X = A) =

THERMAL AND UPFREEZING AMALYSIS ESTIMATES
ILL PLANT WASTE PILE

MANVTLLE WaUKEGAN,

S=3¢%  F=g, 14

PROGR&M UPFREEZSX ~- 18-31-1986

XXUXXX YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS Xexxxx

.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STm&TING AT

TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX

H

H3M = OBJECT LENGTH FOR Ma¥ UPFREEZE, STRARTING
H2

BOTH COVER AND WASTE PILE USE HERVE STR~IN, S =
HERVE FRAITION NOT RECOVERED ON THANING,
.70 (&VE)

EZTIM&GTES USE MOD. W/ KERSTEN KF’S AND « 2% -

1

(F1):

LOGNORMAL W’ MEDIAN = &73 MEAN = $3%

<M
e

oLiN= 34T

= DEFTH OF COVER AROVE OBJECT, STARTING AT Hi1=aTCT [FT) == FINE-CGF&INED SOIL

UNFRQZEN DRY DENS.= 160 FCF, WATER CONT .=
76 PCF, WATER CONT .= 47,9/ C/L=,0068 L=4S59

FROZEN DRY DENS,

m WASE FPILE OF SQOIL-=HalUING:

UHFROZEN DRY DENS.=m108 PCF, WATER CONT.=
78 PCF WATER CONT .=

FROZEN DFY DENS. =

LAMEDRESORIN-FRCTOR) =
EEFGGFEN EOU.

.10

(§30)]

F =

20.3% cgeY SaT) LA 1 -S|
rF=},23
IN:
20.3% (80X S&T U=, 81
47 .9 C/L= ., 80sE L=45¢¢ kF=y,22
B, PT4 COF Ml L
a'l '

'L A0
- e

ERRCOR 1IN KF’S

CORRELATION COEFFICIENT BETWEEN KIl.,F AND K3.F, R1.3=0.00

FPY

UP.YRS = ESTIMATED YEARS FUR CBJECT UPFREEZING FROM HI (FOR HI PROFS

FOR HI=TCT:

H

1

e 8 ® 3 B @ & 4 & 8 % & & o & o € o s »

QO NOCADPDWN- DO NDWN~D

= AVUG YEARS TO FIRST FROST PENETRATION TO DEPTH Wi AND RETURN FERICD

IN #3) BUT

CORRECT UF.YRE FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H:

CONSERRTIVE FOR ALL COBRJECTS HAVING (X=-&)
UP.YRS IS AN ESTIMATE (¢ OR = CUD OF YEARS TO UPFFEEZE THRU COVER

< 0.30 FT

LBOND = § STANDARD DEVIATION LOWER EOUND (LB,

ABD = AEQND = AESQLUTE LB FOR HEAUE ETRAIN, UNRECCUER FnCTOR AND EPS.UF
RSO = ESTIMATED RELIABILITY (PROBABILITY) UF.YRS E-~CEEDS SC YERRS
COVER THERMAL PROPERTIES IN H2 (R1,Z={) WaITEFILE

FT F-DEG204AYS PROE. s-emcacas YERARS ~weve-- ———— A YEsFS FT YERRS

TCAVGLC\V” FPAVG&CV FPY UP.YRS CUZ LBOND ARBD RS& DELTA H3M DELTA
36S 38 .P3% 1.15 1 114 o.10 113 111 jeo0 12 .3 13
6P 3% PS5 3.40 1 128 @.3¢ 127 122 1e0 1T .3 1S
437 3¢ .%21 £.355 1 44 1.eS5 163 133 o6 18 .3 ig
515 33 .855 14.58 b 166 2.60 161 144 100 24 .3 24
598 3& .777 27.%54 1 1?5 S.4¢4 184 135¢ lee 24 .3 24
686 38 .95 40.37 2 238 11.86 212 167 160 S2 .2 o1
781 38 .&16 $4.04 2 304 19.22 244 178 lae Bo .2 ?9
831 238 .542 £¢.38 3 409 30.@9 2684 187 le@ 13¢ .2 129
988 38 .474 74,53 S SBS 4z.98 334 200 100 224 .2 221
1181 238 .419 B4.18 8 899 Ts.40 3%z 211 j@0 404 L, 2 ac¢
122¢ 38 .347 8%.57 1S 1480 &48.48 463 222 106 757 .2 749
1345 33 .283 93.22 27 2591 78.47 SS3 233 100 184¢ .2 14st
1476 38 .222 95.461 -1 47€0Q 66.86 666 244 108 2912 .2 28€E2
1613 38 ,183 97.15 8 ?191 ®1.14 14 255 100 5989 .2 te48
1757 38 .140 98.15 19S 18247 94,44 1811 247 1@8 12203 .2 12079
1986 38 .164 98,79 397 37133 94.55 1280 278 180 25543 .2 25314
2862 38 .07¢6 99.20 B23 76921 97.685 1652 289 100 54009 .! 53687
2223 38 .054 99.46 1738 161249 938.65 2175 3080 189 114488 .1 114435
2391 38 .038 99.44 3478 341553 99.14 2920 311 188 245581 .1 245291
2545 38 .026 99.73 7894 730132 99.45 4619 322 188 S31279 .| s3ee3S
2745 38 .817 99.83 17878 1573341 $9.44 S642 333 162 1155138 .1 11525e2

C-15



$=384 F=08.29

THERMAL AND UPFREEZING ANALYSIS ESTIMATES =-- PROGRAM UPFREEZSX -- 10-31-1926
MANVILLE WAUKEGAN, ILL FLANT WASTE PILE
X¥¥a%xX% YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXxx»

OBJECTS MAVE (X = A) = 0,30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKMNESS = TCT

THERMAL LOAD FREEZE INDEX (F1): LOGNORMAL W’ MEDIAN = &75 MEAN = 925 £D,LN=,3s9

41 = DEPTH OF COVER ABROVE OBJECT, STARTING AT HIsTCT [FT] == FINE-GRAIMNED S0OIL
UNFROZEN DRY DENS.=1@Q PCF, WATER CONT.= 22,3% (€4 SAT) KlU=g,81
FROZEN DRY DENS. = 70 PCF, WRTER CONT.= 47,94 C/L=, 0042 L=4%53 KF=1,23

H3M = QBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

HZ = WASE PILE OF SQIL--HAVING:

UNFROZEN DFRY DENS.=1@d PCF, WATER CONT.= 20,3 (80% SaT bol=e .01
FROZEN DRY DENS. = 73 PCF WRTER CONT.=m 47.94 C/L=,G8s8 L=4S5¢ F+F=y),22

BOTH CQUER &MD WASTE PILE USE HEALVE ETRAIN, S = 30%, v OF Ma L
HE=''E FRACTICON NOT RECOVERED ON THRWING, F = 8,20,
LAMEDSE S0R[M-FALTOR] = 78 (AVG 10 (SD)
ESTIM&TES USE MQOD, EEFGGREN EQU. W/ KEFSTEMN KF’S AND + 2%% - 2%, ERROF IN KF’S
CORRELMTIO COEFFICIENT BETWEEN Ki.F ANND K2.F, R1.3=0.,00

FPY = UG YE&ARZ TO FIRST FROST PEMETFATION TO DEPTH HI &ND RETURN PEFIQOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR W1 PFIFS IN RHZ» BUT
CORRECT UP.YRS FOR DIFFEFENCE IN DELTA’S WHEN CBJECT IN H2, g
CONSERRTIVE FOR ALL OEJECTS MRVING (X-A) { @.30 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ Ok - CN%0 OF YEAR3S TO UPFREEZE THPJU COVER
LBOND = | STANDARD DEVIATION LOWER EQUND (LB,
AED = ABOND = AESOLUTE LB FOR HERVE STRAIN, UNRECOUEF FaCTOR N0 EFS.UF
' RS8 = ESTIMATED RELIAEILITY (PROBREILITY) UP.YF3S ExXCEEDS S& YERRS

COVER THEFRM&L PROPERTIES IN H3 (R1.2=1) WaITEFILE
FT F-DEGXDAYS PROB. ==-cccw-- YEARS ==e-ceccccce- “ YEARS FT YERFS
H1  TCa\'GulVA FPAVGACVX FPY UF.YRS CUW. LBOND &AED PS¢ DELTA H3M DELTA
1.0 2esS 38 .98 1.15 1 S7 e.10 5? Se 100 7 .3 7
1.1 34y I8 P45 3.40 1 64 0.3¢ é4 &1 10¢€ 8 .3 7
1.2 429 38 .921 8©.S5 1 72 1.08 71 &7 iee ? .3 Q
1.3 S1%T 38 .83 146.38 1 82 2.6 8t 72 tad 12 .2 12
1.4 S92 38 ,777 27.56 1 97 9S.é¢ 2 78 e 17 .3 17
1.5 B85 38 495 40.57 2 119 11.66 jeé 832 109 25 .2 264
1.6 721 38 .416 54.84 2 152 19.22 123 8% 1ee 4e .2 2y
1.7 BS1 38 ,.543 6¢£.38 3 284 30.8% 143 ¢4 100 65 .2 64d
1.8 P8 38 .474 74,53 -] 293 42.98 167 1060 1e@ 112 .2 111
1.9 1101 38 .410 84,18 8 458 Sé.40 196 108¢ 100 202 .2 200
2.2 1220 38 .347 87.57 15 749 ¢€€,68 232 111 100 379 .2 3795
2.1 1345 38 .2088 93.22 27 1298 78.67 276 117 1ee 733 .2 725
2.2 14746 3B .232 95.46! 1) 23%@ B8¢.0¢ 333 122 jee 1454 .2 1441
2.2 1613 38 .183 97.15 ?8 43735 91.14 407 128 100 29SS .2 2924
2.4 1757 38 .148 98.1S 19S 9123 94.46 Seés 133 100 6l1e2 .2 64
2.5 1994 38 .104 98.79 397 18564 94.55 648 139 100 12784 .2 12457
2.6 2042 38 .076 99.20 823 384461 97.8° 826 144 100 27004 .1 26843
2.7 2223 38 .954 99.46 17238 80435 $8.45 1888 150 100 57343 .1 57283
2.8 2391 38 .838 99.44 3478 178774 $9.14 1463 156 100 1229408 .1 122446
2.9 2565 38 .028 99.75 7894 3450844 99.45 2010 161 189 245440 .1 245017
3.8 2745 38 .017 99.83 17e7e 784471 99.64 2821 167 188 5773569 .1 S7é2S!
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THERMAL AND UFFREEZING ANALYSIS ESTIMATES

MaNV I LLE WAUKEGAN,

QPJECTS HAVE (X - A) =

PROGR&M LZFREEZSX ==
ILL PLANT W&STE PILE
Xx2x%x% YEARS TO UFFREEZE OBJECTS THRU COVER =- PRELIMINARY RESULTS xxwxesx

16-31=-173¢

0.30 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STeRTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (F1): LOGNORMAL W. MEDIAN = §75 MEAN = $32S SO L=, 3¢5

H

1

H3

= DEPTH OF COVER ABOVE OBJECT, STARTING AT
UNFROZEN DRY DENS.=108 PCF, WaATER CONT .=

FRCZEN DRY DENS.

= 70 FCF' NATER CO"IT = 7‘ A
K3 = OEJECT LENGTH FOR Max UFFREEZE, STARTING

= WaTE PILE OF SOIL--HAVING:

UNFRQOZEN DRY DENZ .= 100 FCF, WwTER CONT .=

FRCZENN DRY DENS.

70 PCF WeTER CONT .=

~ BOTH COVER &ND KWAZTE PILE USE HESVE STRaIN, €
HE=VE FRaZTION NOT RECOVERED ON TralllNG, F

PY =
F.YRZ = ESTIMATED YE&FRS FOR CQEJECT UPFREEZING FROt1 H1 (FOR M1 FRIFS

Lat1EDRe SORIN=-FRCTOR] =

.70 (AVG) L 10

D

Hi=TCT (FTI
20,3 (e SaTO

IN:

fa

20,3 (&

47,5 C/L= . 06483

C/Ll=.eusd

== FINE=-GRmIIED SQIL

e SaT)

kli=g.e!
L=&T7¢ rF=),22

bltme, &
L=4Z30 +F=1,23
9T OF MAX L

IM=TES USE MOD, PEPCOREMN EGQU. W/ KERSTEN KF S &ND ¢ 25 - 2T EPRCS
F1,.3=0,80

FELATION COEFFICIENT BETWEEN KI1.F AND K3.F,

IN KF’$S

AVG YEARS TO FIFRST FROST PENETRATION TO DEPTH HI &ND FETURY FERIQD
e W2y BT

CORRECT UP.YRE FCR DIFFERENCE I DELTAS WHEN CEJECT IN H3.
.26 FT

CONSERATIVE FOR ALL OBJECTS mm'ING

FOR Hi=TCT:

(X=A) <

UP.YRS 1S AN ESTIMTE (+ OR = C\%) OF YEARS TO UFFREEZE
LBOND = | STANDARD DEVIATION LOKER BOUND (LB,
GED = AEQND = &EIQLUTE LB FOF HEAVE STRAIM,

RSO = ESTIMRTED RELIREILITY

FT F-0EGXDAYS PROB.
TCAIOLCVY, FPAVGLCL

H

¢

VO VNOARBDWN - OCONCNBEWNN—-D

WNMNMNNNNNNONNNN = e o e e b= e 2o be

1

el )
3¢9
42%
$1S
s¢e
e8é&
781
es!
$88
1181
1228
1345
1424
1613
17357
1906
2062
2223
2391
25
2745

as
28
3e
)

.789
P65
921
. 855
777
.695
616
.543
.474
.410
L] 34?
. 283
232
. 183
. 160
.104
.874
.954
.038
824
.17

1.1S

3.60

8.55
xé.ss
27.%56
49.57
S4.84
64.38
74.33
g4.18
89.5?7
93.22
9S.61
?7.15
$8.1S
98.79
P9.20
?9.44
99.64
¥9.75
99.83

UNFECOUVE

(FRIEAEILITYD

COVER THERMAL PROFERTIES

[
AWOUWNKN - o=

AN
o N

98
195
397

823

1730
3678
7894
17879

UP.YRS
28

43

48

SS

6%

79

101
134
193
380
493
844
1393
2044
6082
12378
25440
83756
113851
243377
524447

YEAKS

(V)4
6.10
Q.36
1.05
2.60
8.é4
11.06
19.22
30.09
42.9¢
$6.40
48.68
78.67
Béieé
$1.14
¥d.46
94.5S
$7.65
$8.65
£5.14
$9 .45
PP .64
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LBOND
3a
42
4¢<
84
é1
71
ez
¢S

111
131
1S4
184
222
271
33?7
a2?
$S1
725
975
1340
1€81

Ur.»

IN HR (R1.3=1)

RED
37
41
44
48
s2
Sé
Se
&3
é7
’e
74
78
g1
85
=24
93
?é

1ea
104
187
111

4
RE:
¢
@
a
1ee
1¢¢
10
100
1¢a
1ee
1eo
1e0
180
tea
10
1e@
1e0
1e@
100
1eQ
1eQ
1ea

THRU COUER
R FACTCE &0 ESZLUF
FZ E-(EEDE SC YEZaRS
F'y
h=STEFILE
YEARS FT  YEARS
DELTA H31  DELTA
4 .3 4
5 .3 s
6 .3 &
8 .3 s
11 .3 11
17 .z 17
27 .2 ze
a3 .2 43
7% .2 74
125 .2 123
252 .2 zse
ey 2 az4
?71 .2 941
197¢ .2 1945
4668 .2 4e2e
€523 .2 8428
18602 .1 17696
2&225 .1 22135
81960 .1 81744
177693 .1 176478
3esede .1 354147



S=56i. F=g, .49

THERMAL AND UPFREEZING ANALYSIS ESTIMATES «=- PROGRAM UPFREEZEX -= 10-31-193&
MANVILLE WAUKEGAN, ILL PLANT W&ETE PILE
XXX¥%XX YEARS TO UFFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS x%xaxx

ORJECTS HAVE (X = A) = 8,30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STAFRTING AT l
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = §5S SD.LNt.SéSI

Hi = DEPTH OF COVER ABOVE OBJECT, STAFTING AT HI=TCT [(FT) == FINE-GRAINED ¢OIL'
UNFROZEN DRY DENS.=180 PCF, WATER CONT .= 2.3 (80X SAT) ru=¢.€!
FROZEN DRY DENS. = 78 FCF, WATER COMNT.= 47.9/ C/L=. 0068 (=493 KkF=1,23

H3M = QBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASE PILE OF SOIL~-=-HAVING: .

UNFRQZEN DRY DENS.m1ed PCF, WATER CONT.=m 20.2% (88 SaT b0, 01
FROZEN DRY DENS. = 70 PCF HWATER CONT.= 47,9 C/L=,00s8 L=4T50 FwF=],23

EOTH COVER AND WASTE PILE USE HEAVE STRAIN, € = Z0%, g OF MaY L
HEAVE FR&ETION NOT RECOVERED ON THAWING, F = 08.406, b
LaM20Ar SQRIN-FAITOR] = 70 (AVE) .10 (EDY

ESTIMTES USE MOD. BERGOREN EQU. Ws KERSTEN KF’S AND + 2% - 2% EFFOR IN KF‘S

CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=0.00

FPY = AUG YEARS TOQ FIRST FROST PENETR&TION TO DECTH M1 aND RETUPN FZFIQD
UP.YRS = ESTIMSRTED YERF3 FOR CQEJECT UFFREEZING FROM HI (FOR Ml PROFS IN W3 BUT
CORRECT UP.YR3S FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERRTIVE FOR ALL QEBJECTS HAVING (X=-/) ¢ @.3@ FT
FOR HI1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CWW) OF YEARS TO UPFREEZE THRU COVER
. LBOND = | STANDWRED DEVIATION LOWER EQUND (LE),
ABRD = ABOND = AEIOLUTE LB FOR HERVE STRAIN, UNRECOVER FaCTCOR &ND EPS.UF
RSe = ESTIMATED RELIABILITY (PPUB&EILITY) UP.YRS EXCEEDE Sv YEARFRS

COVER THERMAL PROPERTIES IN H3 (R1.3=D) WaSTESILE
FT F-DEG2DAYS PROR.,  ====- ece= YEARS ====cc-cee=- % YEARS FT  YE&ES
H1 TCaAVGLOWVYA FPAVBLCYL FPY UP.YRS C\{ LBOND ABD RSO DELTA H3M  DELTA
1.8 365 %3 .98% 1.1% 1 28 0.10 28 28 @ 3 .3

1.1 2P 38 .95 3.40 1 32 0.3$ 2 21 ] 4 .3 b-
1.2 429 3% .921 8.%% 1 36 1.0S 36 33 @ 5,3 5
1.3 S15 38 .855 14.58 1 41 2,40 a8 35 @ 6 .3 &
1.4 S%8 3& .777 27.%56 1 a9 5,46 4s 2% 32 s .3 8
1.5 684 38 .495 40.57 2 60 11.06 53 42 93 13 .2 13
1.6 781 38 .&416 54,94 2 76 19.22 &1 44 93 20 .2 20
1.7 891 38 .%43 &4.38 3 102 20,089 71 47 99 22 .2 22
1.8 988 38 .474 ?76.53 s 146 42.98 83 S0 108 55 .2 ss
1.9 1101 38 .410 84.18 ) 225 %6.40 8 S3 100 101 .2 100
2.0 1228 38 ,347 89,57 15 370 68.48 116 Sé 1ee 189 .2 167
2.1 1345 38 .286 $3.22 27 648 78.67 138 S8 100 386 .2 263
2.2 1476 38 .232 95.61 50 1165 86.06 147 &1 188 728 .2 720
2.3 1613 38 .183 97.15 98 2298 91.14 204 &4 190 1477 .2 1442
2.4 17%7 38 .148 $8.15 195 4542 94.46 2T3 &7 108 3es: .2 302¢ '
2.5 1986 33 .104 98.79 397 9283 946.55 228 &5 108 6392 .2 6328
2.6 2062 38 .876 99.20 823 19230 $7.85 413 72 188 13582 .! 13422
2.7 2223 38 .8%54 99.46 1730 40317 98.45 S44 7S 108 28672 .1 28401 I
2.8 2391 32 .838 99.44 3678 85388 $9.14 7?31 78 100 61479 .1 61323
2.9 2545 38 .026 $9.75 7894 182533 99.45 1005 81 180 122820 .1 132509
3.8 2745 38 .017 $9.83 17878 393335 9§9.64 1411 83 100 288785 .1 280125 ,
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THERPMAL AND UPFREEZING AMALYSIS ESTIMATES -- PROGRAM UPFREEZSY == 10-31-1984%
MNUVILLE WaUKEGAN, TLL PLANT WASTE PILE
XXx%XXX YEARS TO UFPFREEZE OBRJECTS THRU COVER == PRELIMINARY RESULTS xxxxx¥

CBJECTS H&AVE (X = @) = @,38 FT (EFFECTIVE PARTICLE SIZ2E, EPS.UF) STARTING AT
TOF OF WRSTE FILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT )

THERMAL LO&D FREEZE INDEX (FID: LOGNORMAL W/ MEDIAN = &7S MEAN = §35 €. t=, 3&S

H1 = DEPTH OF COVER AROVE OBJECT, STARTING AT H1=TCT (FT] == FINE-GEAINED SOIL
UNFROZEN DRY DENS.m10¢ PCF, WATER CONT.= 22.2% (863 SAT KL= .81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9% C/Lv.00&5 L=4S50 rF=i.23

H3M = OBJECT LENGTH FOR M&X UFFREEZE, STARTING IN:

H3 = WAIE PILE OF SOIL--HAVING:

UWFPOZEN ORY DENS.=10@ PCF, WATER CONT.= 20,3 (§0% S&T) bme L E
FROZEN CRY DENS. = 72 FCF WATER CONT.= 47,94 C/L=.Be4&S Lm4So: bFmy, 22

STBCTH COVER @D WeSTE PILE USE HELUE STPAIN, € = 32X, o4 OF MAY L
HE=VE FR=ITION NOT RECCVERED ON THAWING, F = 2,50,
LeMEDRXZORIN-FACTOR) = .78 (AVE) .10 (SD)
ESTIwTES USE MCD. BEFCGOREN EOU., W/ KERSTEN KF’'S AaND + 254 - 2%V ERFCTF IN KF°S3
CORRELATION CCOEFFICIENT BETWEEN K!.F &ND K3.F, K1,3=3.00

FPY = &G YESFRS TO FIRET FROST PENETRATION TO DEPTH Hi AND RETURN PEEIOD
UP.YFE = ESTIMTED YERRS FOR COEJECT UFFREEZING FROM HI (FCOR W1 FROFZ IM H3Y EUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL QEJECTS HAVING (x-A) ¢ @,3@ FT
FOR H1=TCT: UP.YRS 1S AN ESTIMATE (¢ OR - CW0 OF YEARS TO UPFREEZE THRU COVER
LEOND = | STANDARD DEVIATION LOWER BOUND (LB,
AED = oD = LESCLUTE LB FOR HERVE STR=IN, UNRECOVER FRCTOR &0 EFSUF
RSG = ESTIM~TED RELIAEILITY (PROBSEILITY) UP.YRS E~CEEDT S0 YEwRS

COVER THERMAL PROPERTIES IN H2 (Ri.3=1) WaZTEPILE

FT F-UEGxDAYS FROB. ~weevnwne YEARE c-e-cceccccaa 4 YERFS FT YEAF S
i1 TCAVGu OV FRAUVGKIVZ FPY UP.YRS CVi1 LBOND &BD RS& DELTA HIM DELTR

1.8 3¢S 3F .98% 1.15 1 23 ©6.190 22 22 8 3 .3 3
1.1 249 38 .95 3.¢0 1 26 0.3¢6 25 24 e 2 .2 3
1.2 45 38 .,921 8.%5 1 29 1.0% ¥ 27 ) 4 ,3 4
1.3 S1% 3% .8S5 14.58 1 33 2.é4@ 32 29 9 5 .3 S
1.4 Se8 38 777 27.5& 1 39 .46 37 3t e 7 .3 7
1.5 486 38 695 40.%57 2 a8 11.9048 42 33 33 e .2 1@
1.6 721 3B .é1& 54.04 2 é1 19.22 49 36 €4 14 .2 1&
1.7 BZ1 38 .T<3 &6.38 3 g2 3¢.09 S? 38 94 24 .2 28
1.8 P83 3B .474 74.53 S 117 42.9& 47 40 97 45 .2 44
1.9 11e1 38 .410 g4,18 8 180 S56.49 78 42 99 81 .2 €@
2.6 1220 38 .347 5.57 1S 296 6P.68 ?3 44 ¢¢9 1°1 .2 1Se
2.1 1345 38 .28°8 93.22 27 S18 78.47 111 47 1ee@ 292 .2 298
2.2 1476 38 .232 9S.61 Se 9T& BS.0E 133 49 1@¢ S¢z .2 S76
2.3 1413 38 .1683 97.15 8 1838 ¥1.14 163 S1 1de 1182 .2 1170
2.4 1757 38 .149 98.1S 195 3647 94.46 202 T3 169 2441 ,2 241¢
2.5 1986 38 .184 98.79 397 7427 96.55 256 Sé& 100 Si14 .2 Seé3
2.6 2862 38 .874 99.20 823 15384 97.85 336 S8 100 18602 .! 18732
2.7 2223 38 .8%54 99.44 1730 32254 98.65 435 & 100 22937 .1 22e81
2.8 2391 38 .38 99.44 3678 68311 99.14 S8S 62 108 49176 .1 4v638
2.9 254 38 .026 99.7S5 7894 144027 99.4S 824 64 10@ 10425¢ .1 104007
3.2 2745 38 .017 99.83 1707 314448 $9.64 1128 67 1@ee 231828 .1 230584@
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S=408°] F=y. 10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES == PROGRAM UPFREEZSX == 16-31-192¢&
MANVILLE WAUKEGAN, ILL PLANT WASTE FILE
XXxXXx YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS XxzsxX I

OBJECTS HAVE (X = A) = 9,30 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STAFTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = §7% MEAN = $3S SD.IN= 3¢t

Hi = DEPTH OF COVER AEOVE OBJECT, STARTING AT Hi=TCT (FT) == FINE-GRAINED soni P
UNFROZEN DRY DENS.=1060 PCF, WATER CONT .= 20,2 (&6 SAT) Ku=Q .,€.
FROZEN DRY DENS. = 40 PCF, WATER CONT.= 61,41 C/L=,00s2 L=S0%? kf=], 30

H3M = OBJECT LENGTH FOR MaX UPFREEZE, STARTING IN:

H3 = WASE PILE OF SOIL-=HAVING:

UNFROZEN DRY DENS,.=108 PCF, WATER CONT.= 20,3% (26 €8T Wm0, 2]
FROZEN DRY DENS., = &8 PCF WATER CONT.= 41,84 C/L=. 0042 L=S3S? KF=], 20

BOTH CCOUER MDD WASTE PILE USE HERUVE SETRAIN, § = 4@, FS OF M~ L

HEVE FR&CTION NOT RECCVERED ON THAWING, F = §,10,
LeMEDGE SORIN=FRCTCRY = .70 (AVEGY .18 (ED)
ESTIMRTES USE MQOD. PEPGGREN EQU. W/ KERSTEN KF’S aND + 2T - 28 ERRCR IN KFS
CORFELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1,3=0.60
FPY = AVG YEARS TO FIRST FROST PENETFATION TO DEFTH HI AND RETURN PEFICQD
UP.YRZ = ESTItWTED YEARS FOR OBJECT UPFREE2ING FROM H! (FOR W] PROFS IN WD B
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.,
CONSER&TIVE FOR ALL CBJECTS HaVING (X=R) < @.3¢ FT
FOR HI=TCT: UP.YRS IS @i ESTIMRTE (+ OR = CWN) (F YE=RS TO UFFREEZE THRU COVE
. LEOND = 1 STANDSRD DEVIATION LOWER BOWND (LBE),
AED = APOND = AZSCOLUTE LB FCR HEAVE STRAIN, UNRECOVER FACTOR &ND EPS.UF
RS0 = ESTIMATED RELIABILITY (PROBREBILITY> UP.YRS EXCEEDS S& YERRS
COVER THERM&L PROPERTIES IN HZ (R1.3=1) WaITEPILE
FT F-DEGXDAYS PROB. ====- wme= YEARS ===ceccccce- “ YEARS FT YEARRS
H1 TCAVGaCV, FPAVGNC\Y FPY UP.YRS CuVv LBOND AED RT@ DELTA H3M DELTA
1.9 367 38 .986 3.43 1 88 8.3¢ es €2 1@ 12 .2 1.
1.1 444 38 .917 8.%9?7 i 1e1  1.18 1e¢ 92 teo 1% .3 15
1.2 S28 38 .843 18.17 1 119 3.17 116 ie0e 10@ 21 .3 2
1.3 2@ 38 .,735¢ 30.78 1 146 7.27 135 188 100 32 .2 3
1.4 719 38 .é64 45.38 2 186 14.27 146 117 100 q< ,2 42
1.5 825 33 .582 59.83 3 2%1 24,44 189 125 1teoe e!r .2 se
1.6 939 32 .%565 72.2° 4 343 3&8.00 225 123 1ee 144 .2 14!
1.7 1860 323 .4%2 B81.74 4 372 S52.795 278 142 100 273 .2 28
1.8 1189 38 .3¢3 68.37 13 P7P &£5.63 227 150 1e0@ %31 .2 s34
1.9 1324 38 .297 92.73 24 1827 77.94 399 158 100 11158 .2 110”
2.9 1448 38 .236 95.48 48 3536 84.08 492 167 1880 2342 .1 233t
2.1 1618 38 .181 97.19 1080 7204 91,44 615 175 100 49<s .14 4720
2.2 1776 38 .135 98.25 213 15161 94,.8%5 781 183 100 16918 .1 legeaq
2.3 1941 38 .08%97 98.90 448 32791 94.92 1811 192 1de 2434% .1 242é"
2.4 2113 38 .0848 99.30 1845 72542 98.15 134¢ 200 100 S5515% .1 S$49%«
2.3 2293 38 .047 99.355 2371 163431 9.89 1820 208 108 124419 .1 124250
2.6 2480 38 .831 99.71 5450 373591 99.32 2540 217 10@ 2937ec .l! 29286¢
2.7 267% 38 .020 99.81 1265% 843280 99.58 3441 225 1080 &B&E7? .| 684986\
2.8 2876 38 .013 99.87 29423 2015648 $9.73 S3T7 233 100 1416496 .1 1612335
2.9 3085 38 .088 99.91 69773 4735778 $9.83 878 242 109 3823Te¥ .1 3ISI13TI5,
3.0 3302 38 .005 99.94 165107 11184500 99.89 12457 250 180 Pe673945 .1 9eSeyS:
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S=48 F=0.z0

THERMAL AND UPFREEZING ANALYSIS ESTIMRTES ~- PROGRAM UPFREEZSA == 10-31-198&
MalRTLLE WAUKEGAN, TLL PLANT WASTE PILE
EXXxa¥ YERRS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS ksxexxx

ORIECTS MAVE (X - A) = 8,30 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STaArRTING AT
TOF OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = &7S MEAN = §3S €0 ,iN=, 245
Hi = DEPTH OF COVER AEQOVE OBJECT, STWRTING AT HIsTCT [FT] =~ FINE-GF=INED SOIL

UNFROZCEN DRY DENS.miGe PCF, WATER CONT .= 20,21 (g¢% SaT) Kl=E , 21
FROZEN DRY DENS. = &@ PCF, WATER CONT .= 1.4 C/L= . 6062 L=T0S? KFm), 38

H2M = OBJECT LENGTH FOR MAY UPFREE2E, STeRTING IN:
H3 = WaZE PILE OF SOIlL-~HaUING:
UNFRIZEN DRY DENS .18 PCF, WATER CONT.= 20.3% (EO% SaT klmQ 81
FROCEN DRY DENS, = &0 PCF WATER CONT.m &1.8% C/L=,00e2 (=5G%? vF=my1,30
ECTH COWER AND WaiITE PILE USE HE'E STR&IN, € = 46, S OF MaX L

HERV'E FRAZTION WNOT RECOVEFRED ON THRAWING, F = 0.20,

LeatiZ D SORIN=-FACTOR] = .70 (AVE) .18 (S ‘
ESTINRTES URE MO0, BERGOREN EQU. W/ KEFSTEN KF’S AND ¢ 2T - 2S5 EFFEOR IN KF°S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.00

FFY = aul YEARS TO FIRST FROST PENETRATIQN TQ DEFPTH Wi aND RETURN FEFRIQD
UP.YRS = ESTIMATED YERRS FOR QOBJECT UPFREEZING FROM HI (FOP Ml FROPS IN HM2» EUT
CORFRECT UP.YRS FOR DIFFERENCE IN DELTw‘S WHEN CBJECT IN H3.
CONSERRTIVE FOR ALL CBJECTS H&UING (X=-A) ¢ (.30 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (¢ OR - C\°0) OF YEARS TO UPFREEZIE TWRU CCOVER
’ LEOND = § STanDRRD DEVIATION LOWER BOUND (LBY,
AED = AEROND = ABSOLUTE LB FOR HEAVE STR&IN, UNRECOUVER F&CTOR AND EPS.LF
RSO = ESTIMATED RELIAEBILITY (FROBAEILITY) UP.YRS E~IEZLZ S8 YERFS

COVER THERMAL PROPERTIES IN H3 (R1.3=D WRSTEPILE
FT F-DEG2DAYS PROE. s=e=reces YEGRS ~==cscce=me= YEARS FT YEARRS
H1 TCAVGLCVXL FPAVGALCLY, FPY UP.YRS C\% LBOND #ED RSO DELTA H3M DELTA
1.0 367 3E .P84 .48 1 44 @.3¢4 44 42 0 & .3 é
1.1 444 38 .917 8.97 1 St 1.18 S8 4& 84 8 .2 7
1.2 Sz& 38 .843 1B.17 1 686 3.17 Sa S¢ jev 11 .3 1@
1.3 ézd 28 .,7%4 F@0.78 1 73 7.27 é8 S49 80 1é .2 1e
1.4 719 38 .4&é6 45.38 2 93 14.27 go S8 1e@ 23 .2 2¢
1.5 82° 38 .582 57.83 3 125 24.44 95 63 160 49 .2 4@
1.6 93¢ 38 .S0% 72.25 q 182 2e.00 113 67 100 72 .2 71
1.7 1040 32 .4322 8!,74 ? 286 52.75 135 71 1ee 134 .2 135
1.8 1189 38 .343 65.37 13 489 446.43 142 75 108 271 .2 247
1.9 1324 38 .277 92.73 24 903 77.%94 199 7?79 100 TTg .2 sst
2.8 1448 38 .22¢& 95.48 a8 1768 86.88 248 €3 109 1171 .1 1167
2.1 1418 38 .181 97.19 180 3402 91.44 3ee se 100 24%8 .1 28%(
4.2 1776 38 .135 96.25 213 7580 94.85 3%86 92 108 $545% .1 S44;
2.3 1941 38 .897 ¢8.%0 448 14394 96.%92 S84 P& 100 12172 .1 12134
2.4 2113 32 .eé8 99.30 1645 36271 96.15 &70 108 1080 275?79 .1 27497
2.5 2293 38 .847 9$9.855 2371 81716 %8.89 9106 104 }ed 63310 .1 é312%
2.6 2480 38 .831 99.71 S458 164796 $9.32 1270 108 180 144850 .! 1446433
2.7 2475 38 .820 99.81 12655 431948 99.58 1821 112 108 343439 .! 3424%@
2.8 287¢ 38 .813 99.87 29623 1867834 99.73 2679 117 188 B@8348 .! 8a&17¢
2.9 3085 38 .808 99.91 69773 2347885 $9.B83 4839 121 188 1911754 ,1 1904762
3.8 3302 38 .085 99.94 165187 5592249 99.89 6228 125 18@ 4534973 .1 45235477
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THERMAL AND UPFREE2ING ANALYSIS ESTIMATES == PROGRAM UFFREEZSX «- 10-31-1936
MANVILLE WaUKEGAN, JLL PLANT WASTE PILE
EXXxXX¥%X YEARS TO UEFREEZE OB8JECTS THRU COVER == PRELIMINAFY RESULTS XExXxxX

CEJECTS HAVE (X = A) = @,30 FT (EFFECTIVE PARTICLE SIZ2E, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOT&AL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (Fl)>: LOGNORMAL W/ MEDIANN = &75 MEAN = §2% SD.LN-.305|

Hl1 = DEPTH OF COVER ABRCVE ORBRJECT, STARTING AT Hi=TCYT [FT]l == FINE-GRaINED SQIL A
UNFRO2EN DRY DENS.=300 PCF, WATER CONT.=m 28.3% (B2% SAT) riUs0 .81
FFOZEN DRY DENS., = &0 PCF, WATER CONT.= 41,64 C/L=.0042 L=S3S? kF=1,.20

H31 = OBJECT LENGTH FOR MAX UFRFKREEZE, STARTING INi

M3 = Wx3E PILE OF SOIL-=HAVING:

UINERQZEN DRY DENS.=190 PCF, WATER CONT.= 20,3 (28% SAT) rl=0, &t
FRIZEN DRY DENS., = 68 PCF WaATER CONT.= 41.&7% C/L=,00642 L=SET? wF=1,20

BOTH CCER AND WwWSTE PILE USE HERUVE STRAIN, S = 403, 9Sii OF Max L
HE~E FRmCTICN NOT FECOVEFED ON THRIING, F = 0,30, o
LeMEDSRSORINSFAITOR] = .70 (&VGY 108 (SDO
ESTIMARTES USE MOD., BERGEFEN EQU. W/ KERSTEN KF’S AND + 2% = 2ZS% ERRCF IN KF‘S
CORFRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.00

FPY = aUG YE~RS TOQ FIR3T FROST PENETRATION TO DEFTH H1 AND RETUR!N PERIOD
UF.YRS = ESTIMATED YEARS FOR QBJECT UPFREE2ING FROM H1 (FOR H1 PROFS IN HZY BUT
CORRECT UP.YRS FOR DIFFEFRENCE IN DELTA’S WHEN CBJECT IN H3, :
CONSERATIVE FOR ALL OBJECTS HAVING (X=A) ¢ @.39 FT
FOR HI=TCT: UP.YRS IS &N ESTIMATE (+ OR =~ CViD) OF YEARS TO UPFREEZE THFU COVEF
LEOND = | STANDaRD DEVIATION LOWER BOUND (L&),
AED = AECND = SEIQLUTE LE FOR HEAVE STRAIN, UMFECCOV'ER FACTOR &MD EFS.UF
RS8 = ESTIMATED RELIABILITY (PROBAEILITY) UF.YRE EXCEEDS Seé YE&RS

COVER THERMAL PROFERTIES IN H3 (R1.Z=1) WeITEPILE
FT F-DEG*DAYS PROB, ====—=e-- YEARS =eecemmecmcecn % YERRS FT  YEARS
H1 TCAVGLCVY FPAVGLCVY FFY UP.YRS CV% LBOND ABD RS0 DELTA H2M DELTA
1.8 247 38 .946 3.48 1 29 0.36 29 28 e 4 .3 4
1.1 444 38 .917 €.97 1 34 1.18 33 31 @ s .3 S
1.2 522 3% .83z 18.17 1 a8 3.17 3% 33 @ 7 .3 ?
1.3 420 3¢ .75 30.76 1 as 7.27 as 35 2% 11 .2 10
1.4 719 36 .&46 45,38 2 &2 14,27 53 39 92 16 .2 1é
1.5 82T 38 .S58z 59.83 3 84 24.44 63 42 57 27 .2 27
1.6 939 28 .565 72.25 4 121 38.08 75 43 9% ag .2 4z
1.7 1848 33 .422 81,74 7 191 52.7% %8 47 100 91 .2 sa
1.8 1189 38 .343 £8.37 13 326 66.63 109 Se 1ee 189 .2 178
1.9 1324 38 .257 92.73 24 602 77.94 133 S2 190 372 .2 367
2.0 1448 38 .234 95.48 ag 1179 86.88 164 56 1e@ 781 .1 778
2.1 1618 38 .181 97.19 190 2481 91.46 205 S8 108 1665 .1 1640
2.2 1776 38 .135 98.25 213 =054 94.85 240 &1 188 3639 .1 3426
2.3 1941 38 .897 9e.%@ 448 10930 $6.92 337 &4 1fe 8114 .1 £290
2.4 2113 38 .668 99.30 1045 24181 $8.15 447 &7 188 18384 .1 19331'
2.5 2293 38 .947 99.55 2371 54477 98.69 487 &9 188  4220< .1 42083
2.6 2438 38 .031 99.71 S4S5@ 124530 99.32 847 72 188 97966 .1 57622
2.7 267% 38 .020 99.81 12455 287960 $9.58 1214 7?5 100 228940 .1 229327'
2.8 2876 38 .813 99.87 29623 471869 99.73 1786 78 100 528809 .1 537452
2.9 3035 38 .008 99.91 49773 1578558 £9.83 2493 €1 180 1274563 .1 1271179
3.8 3302 38 .085 $9.94 165187 3728166 $9.89 4152 B3 160 3024649 .1 30169€S -
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES ~- FPROORAM UFFREETISX == 10-31-19%¢
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
xxx%xX¥ YEARS TO UPFREEZE OBJECTS THRU COVER -= PRELIMINARY RESULTS Xa¥«xx

0BJECTS HAVE (X = A) = .30 FT (EFFECTIVE P&RTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE~~-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LdAD FREEZE INDEX (F1): LOGNORMAL W/ MEDIAN = 875 MEAN = $3% D, Liis, 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT) == FINE-GR=INED SQIL
UNFROZEN DRY DENS.= 100 PCF, WATER CONNT.= 26.3% (20 ¢aT) k=0 B
FROZEN DRY DENS. = &0 PCF, WATER CONT.= &1.¢é% C/L=.00&2 L=SCE? KkF=1.30

H3M = OBJECT LENGTH FOR Max UFFREEZE, STARTING IN:

H3 = We3E PILE OF SOIL-=HAVING:

WMIFRCZIENN DRY DRSS .=100 PCE, WSTER CONT.=m 20,27 (ReY S&T) U=, S
FROZEN DRY DENE., = &0 PCF WATER CONT.= o1.¢&) (/7L=,00¢2 L*SEET KF=).32

ROTH COUER AND Ww3TE FILE USE HERVE ETR&IN, §
~ HERVE FRACTION NOT RESCVERED Of! THAING, F
Lel S0 SORIN-FRCTOR) = .78 (AUG) .10 (SD)
ESTIMGTES USE MOD. EBERGEREN EOU. W/ KERZTEN KF’S aND + 251 - 2% EFFCF IN RF-S
LORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri1,3=2,00

= AN ¢S QOF Ma~ L
= 4Q,

4
6.

FPY = aUG YEARS TO FIRST FROST PENETRATION TO DEFTH M1 AND RETU=N FIFIQ0D
UP.YRS = ESTIMATED YEARS FOR QBJECT UFFREEZING FROM H! (FCR W1 PROFZ IN H2) EUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN CEJECT IN H3.
CUZERRTIVE FOR ALL OBJECTS HAVING (X=-A) < @.3@ FT
FOR Hi=TCT: UP.YRS IS Al ESTIMATE (¢ OR ~ CU0 OF YEARS TO UPFREEZE THRU COUVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = AR(IID = AESCLUTE LB FOR HE=VE STRAIN, UNRECOQUER FACTCR anD EFS.UF
RSO = ESTIMTED RELIABILITY (PROB~BILITY) UP.YRZ EXCEEDS £¢ YEAFRS

COVER THERMAL PROPERTIES IN W3 (R1,3=D W STERPILE
FT F-DEG¥DAYS FPROBE, ew—eeeee= YEARS =—=w—e—eeaea= A YE&RS FT YEARS
H1 TCALGLCVL FRAVGACVY FPY UP.YRS COWV% LBOND @BD FZ& DELTA HIM DELTA

\~/‘0 387 38 966 3.43 1 22 0.38 2z 21 ¢ 3 .3 3
1.1 444 23 ,¢17 8.%97 $ 25 1.1 25 23 @ 4 .3 a
1.2 $2&% 33 .843 18.17 1 2w 3.17 29 2S5 e S .3 S
1.3 428 38 .75¢ 30.78 1 3¢ 7.27 24 I @ g .2 =
1.4 719 38 .646 435.38 2 47 14.27 ¢ 2% ¢ 12 .2 12
1.5 8285 28 .58z $9.&3 3 €3 24.44 47 31 €1 20 .2 ze
1.6 937 38 .SeS 72.25 4 ?1 33.00 S6 33 S22 36 .2 S»
1.7 1040 38 .422 &81.74 7 143 52.75 648 3T <7 ée .2 &7
1.8 1189 38 .343 88.37 13 245 66.63 62 38 s° 126 .2 124
1.9 1324 38 .297 92.73 24 452 77.94 1e¢ 4de 67 279 .2 278
2.2 1448 38 .234 95.48 4ae 854 e4.08€ 122 42 te® s5e¢é .1 Ses
2.1 1418 38 .121 97.19 1ee 1801 91.4¢6 153 44 (ee 124v .1 1245
2.2 1776 38 .135 98.25 213 37¢8 94.85 195 446 jee 27z9 . 2721
2.3 1941 28 .097 98.99 448 8198 96.92 252 48 160 6egs .| 6047
2.4 2113 38 .048 99.30 1845 1813¢ 98.1% 335 S0 80 137%e .1 1376¢
2.5 2293 38 .847 99.55 2371 46858 98.8%9 455 S2 100 31455 .1 31542
2.6 2480 38 .031 99.71 5450 ?3398 99.32 635 S4 1e0 73425 .1 73216
2.7 26475 38 .020 99.81 12455 215970 99.58 P10 D$ 1eo 171720 .! 171245
2.8 .287¢4 38 .913 99.87 29423 563917 99.73 1339 58 12 404174 .1 423689

1 2.9 3085 38 .808 99.91 69772 1183943 99.83 2019 6¢ 168 955877 . §52321
3.8 3322 38 .805 99.94 145187 2796124 $9.89 3114 62 180 2288466 .1 2282739
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THERMAL AND UPFREEZING ANALYSIS ESTIMARTES =- PROGFRAM UFFREEZSX == 10-21-192c
MSNWILLE W&UREGAN, 1LL PLANT WASTE PILE
XxXXx%X YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS K¥%xx¥

OBJIECTS HAVE (X = A) = 2,30 FT (EFFECTIVE PARTICLE SI1ZE, EP3.UF) STARRTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL L0AD FREEZE INDEX (Fl): LOGNORMAL W/ MEDIAN = 875 MEAN = 93% SD.LN=.36.|

Hi = DEPTH OF CCVER AEROVE OBJECT, STARTING AT H1aTCT (FT) =« FINE-GF~INED eCIy
WNFROZEN DRY DENS.=10@ PCF, WATER CONT.= 20,3% (ERX SAT) kU= &
FROZEN DRY DENS., = &0 PCF, VATER CONT.= &1.6 C/L=,.060¢2 L=SCS? pF=1, 30

HX = OBJECT LENGTH FOR MaAx UFFREEZE, STRRTING IN:

H3 = WASE PILE CF SOIL-=-HaUING:

UNFROZEN DRV DENS.=10Q PCF, WQTER CONT.= 20,320, (209 & K=o,
FROZEN DRY DENS. = 60 PCF WaTER CONT.= ¢1,4) C/L=,0042 L=SCST KFim),

AXY)

o

BCTH COUVER ANMD WASTE PILE USE HE=UVE STRARIN, S = 40°, ?5% OF Max L
HEAVE FRAZTION NOT RECOUERED O TH&WING, F = 8.%5¢,

LAMEDR*SOF [N-Fm{TOR) = 70 (&AVGY .10 (SD)
ESTIMATES USE MOD, EERGGREN EQU. W/ KERSTEN KF’S AND ¢ Z5% - 24 ERRIR IN KF-S
CORFRELATION COEFFICIENT EETWEEN Ki.F AND K3.F, R1.3=0.080
FPY = aVG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AMD FETURN FEFIQD
UP.YRS = ESTIMTED YERRS FOR QBEJECT UPFREEZING FROM H] (FOR Ml PRIFS IN H3) EBU
COPRECT UP.YFS FOR DIFFERZNCE M DELTA’S WHEN OBJECT IN H3.
CUNEEFRWTIVE FOR mLL OBJECTS HaVING (X-A) ¢ 0,38 FT
FOR H1=TCT: UP.YRS 15 &N ESTIMRTE (¢ QR = QL") OF YEARS TQ UPFREEZE THSU COVE!
LEOND = | STANDARD DEVIATION LOWER BOUND (LBEY,
AED = AEB0MND = AEZQOLUTE LE FOR HERVE STRAIN, UNRECOVER FACTOF anh EPS.UF
RSO = ESTIMATED RELIAEBILITY (PROEAEILITY) UP.YRE EXCEEDS $€ YERRS
COVER THERM&L PROFERTIES IN HZ (R!.23=D WeEITERILL
FT F-DEG*DAYS PRIB., =—=e—ee—- YEARS e=—cewccace- “ YESRS FT YERRS
H1  TCAVGLCVY FPaVGMCVY, FPY UF.YRS CU% LEBOND RED RSE DELTA H3M DELTA
1.¢ 347 38 .98 3.48 1 18 @.3¢4 18 1? 6 2 .3 .
1.1 434 38 .917 8.97 1 20 .18 20 18 e 2 .3 3
1.2 S22 e .=32 i1e.17 1 24 3.17 23 2@ e 4 .3 4
1.3 6z8 38 ,754 30.78 1 29 7.27 27 22 8 6 .2 1
1.4 719 28 .686 45.38 2 3? 14,27 32 23 1 ¢ .2 1
1.5 £S5 38 ,532 Sv.83 3 S8 24.64 38 25 Sz 16 .2 16
1.6 §3% 8 .SES 72.25 4 73 3g.e60 45 27 Ee3 2% .2 2%
1.7 10408 38 .432 £1.74 ? 114 $2.75 S4 28 %3 SS .2 5S¢
1.8 1189 38 .33 B88.37 13 196 €6.63 S 36 9?7 1ee .2 167
1.9 1324 38 .297 92.73 24 341 77,94 88 32 98 223 .2 2z0
2.8 1448 3B .23¢4 95.48 48 7867 Bé.0B $8 33 9?9 448 .1 47
2.1 1618 38 .18} 97.19 120 1441 91.4¢ 123 35 106 999 .1 ?P¢
2.2 1776 38 .135 98.25 213 3032 94.€5 156 37 108 2184 .1 2177
2.3 1941 38 ,097 98.%0 448 6STR 96.92 202 38 1de 4847 .1 agee
2.4 2113 38 .0s8 99.30 1843 14502 98.15 248 40 100 11032 .1 le?vs
2.5 2293 33 .847 99.55 2371 32486 98.89 344 42 100 25324 .1 252%6
2.6 2488 38 .031 99.71 5458 74718 9%.32 Ses 43 180 58748 .1 5e5?73
2.7 2675 38 .020 99.81 12455 172774 99.358 728 45 180 137376 .1 13699el
2.8 2876 38 .013 99.87 29623 403134 99.73 1871 47 1ee 322339 .| 222471
2.9 3085 38 .008 99.91 &©773 P471%54 99.83 1616 43 188 7447902 .1 74270%
3.8 3302 38 .00S 99.94 14T187 22346908 99.89 2491 S@ 16@ 1614789 .1 18l6191e
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSX =- 10-31-192¢
MatUVILLE WaUKEGAN, TLL PLANT WaSTE PILE
XX¥Xx% YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS xx+¥x¥

OBJECTS HAUVE (X - A) = 0,30 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STwRTING aT
TOF OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICHMNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = &75 MEAN = 925 8D .,LN=, 6345

Hi = DEFTH OF COVER AEBOVE OBJECT, STARTING AT HI=TCT [FT] == FINE-GRAINED SQIL
UNFROZEN DRY DENS.=mlee FCF, WATER CONT.= 2¢.3% (£6: ST Ki=g@ , 51
FROZEN DRY DENS, = G0 PCF, WATER CONT .= 80,7 C/Ls, 0857 L=TT22 ¥F=i,42

H3M = OSJECT LENGTH FOR MAX UFFREEZE, STRRTING IN:

H3 = WaSE FILE OF SCIL--HAVING:

UFROZEN DRY DENZ .= 122 PCF, WATER CONT.= 202.3% (gd% &aT) vl , 31
FROZEN DRY DENZ., = T0 PCF WATER CONT.= B6.7/ C/L=.00S7 L=TT25 vF=1,42

BCTH COVER AIND WaSTE PILE USE HESVE STRAIN, § = 584, 9T OF Max L
HE~VE FRaITION NOT RECOVERED ON TH&ING, F = 2,18,
LaMEDESORIN«FRCTOR] = 78 (AVG) .18 (8D
ESTIMATES USE MOD. BERCGGFEN EOQU. W/ KERSITEN KF’S AND + 2T00 = 200 EFFIFR IN KF’S
CORFRELATION COEFFICIENT BETWEEN K1.F &ND K3.F, R1,3=02,00

FPRrY = a\'G YEARS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN FERIOQD
UF.YRS = ESTIMATED YERRS FOR CEJECT URFREEZING FROM HI (FOR H1 PROPT IN HZ) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELT&’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL QEJECTS HAUING (X=A) ( 0.3@ FT
FOR H!=TCT: UP.YRS IS AN ESTIMATE (¢ OR - C\) COF YEARS TO UPFREEZE THRU COVER
’ LBOND = 1 STANDARD DEVIATION LOWER EOUND (LB),
AED = ABOND = ABIOLUTE LE FOR HEARVE STRAIN, UNRECOVER FAlTOR &ND EPS.UF
FSC = ESTIMATED RELIAREILITY (PROBAEILITY) UP.YRS ExCEEDS S8 YERRS

COVER THERMAL PRQPERTIES IN H3 (R1.3=D WaETEPRPILE
FT F-DEGXDAYS PROB. weescccces YEARS e=-w-crme--- % YEARS FT YEARS
H1 TCaLGal sl FPAVGLCV FPY UP.YRS CU% LBOND ABD RSO DELTA HaM DILTA
1.9 422 38 .933 7.17 1 74 0.93 73 &7 108 12 .3 12
1.1 S12 38 .259 14.11 1 es 2.82 86 7 tea 17 .3 17
1.2 éay 38 7464 29.1S 1 109 &.94 102 ee iee 2é .2 25
1.3 713 38 .679 44.72 2 142 14,34 122 87 i09 41 .2 43
1.4 829 38 .S588 &0.23 3 199 25.67 148 2 {e@ 71 .2 7@
1.5 T1 38 .497 73.3?7 4 301 40.368 189 100 iee 124 .2 132
1.6 1€82 3€ .420 83.10 8 S63 S6.21 220 167 100 279 .2 266
1.7 1222 38 .344 B?.44 15 919 70.40 272 113 1e@ S&3 .1 Sel
1.8 1370 3¢ .277 93.76 30 1801 81.19 239 12¢ 1ea 1199 .1 1194
1.9 1524 38 .213 94.26 44 3727 88.38 424 127 108 24S5 .1 2445
2.8 1691 38 .153 97.75 142 gee? 93.2€ S44 133 108 608y .1 éear
2.1 1865 38 .113 98.464 328 18238 946.11 709 140 @@ 1422% .1 14178
2.2 20844 88 .878 99.168 764 42373 97.76 42 147 (ee 34¢42 .1 33924
2.3 2237 38 .33 99.48 1832 180774 $2.71 1204 i53 1B 827432 .1 82424
2.4 2425 32 .834 99.67 4473 244047 99.24 1BT1 140 180 283783 .1 223113
2.5 2642 38 .022 99.79 11829 599310 99.55 2710 147 108 Seé741 .| 505128
2.6 28658 3@ .014 P9.87 27454 1457%04 $9.73 4098 173 1008 124964é .1 1265718
2.7 3082 38 ,808 99.91 48844 3721789 99.83 635! 180 108 3198924 .1 3169307
2.8 3315 38 .20% 99.94 173571 9346943 99.89 10119 187 180 80913ES .1 6@e’839
gé: SS% 38 .0083 99.94 439261 23471599 99.93 16502 193 109 x2e517%0@ .1 204&ce
262703805 38 .0082 99.97 41114284 50400850 99.95 24941 200 1@@ 433340440 .3 X33,
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES ~-- PROGRAM UPFREEZS: -- 10-31-15384
MANVILLE WAUKEGAN, ILL PLANT WASTE FPILE
EXXxXX YEGRS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS XXaxex i

OBJECTS HAVE (X = A) = 9,30 FT (EFFECTIVE PARTICLE SI12E, EPS.UF) ESTARTING AT
TOP OF WASTE PILE~--BOTTOM OF COVER OF TOTAL THICKNESS = TCT - I

THERMAL LOAD FREEZE INDEX (FI): LOGNGFMAL W MEDIAN = 87% MEAN = 935 €0, M=, 3245
Hi = DEPTH OF COVER ABOVE OBJECT, STHRTING AT HI=TCT [FT] == FINE-GRmINED i ¥
UNFRCZEN DPY DENS.=10@ PCF, WGTER CONT.m 20.3% (ECY SaT) Mlxg, €.,
FROZEN DRY DENS. = S0 PCF, WATER CONT.= 80.7% C/L=,.88S? L=5S23 KF={.42
H3M = QEJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASE PILE OF SOIL--HAVING:
UNFROZEN DRY DENS.=m1¢@ PCF, WATER CONT.= 20,27 (80% SaT> b Umd L 21
FROUZEN DRY DENS. = S0 FCF WRTER CONT.m BG.7% CoL=,.0@S? L=SS33 +Fs].47

EOTH COUER AND WeETE PILE USE HEQ'E STRAIN, S = S0, gL OF Mad L ,
HEAVE FRaCTION NOT RECCOVERED ON THeING, F = 8,20, -
LAMEDR# ZORIN-FACTOR]) = .70 (AVGY .10 (EDD

ESTIMmTES USE MOD, BERGGREN EQU. W/ KERETEN KF’S AND ¢ 2T - 201 EFFIR 113 KF’S

CORRELATION COEFFICIENT BETWEEN KI1.F AND K3.F, R1,3=0,80

FPY = QUG YE&RS TO FIRST FROST FENETRATION TO DEPTH H! <MD RETUFI! PERIQD
UF.YRS = ESTIMTED YEARS FOR OBJECT UFFREEZING FROM H1 (FOFP H1 PRIEZ IIJ H2) BU
CORRECT UP.YRS FCR DIFFERENCE I DELTA’S WHEN COBJELT IN H3,

CONSERATIVE FOR ALL OBJECTS HAVING (X-&) ¢ @.38 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (¢ OR = CU) OF YEARS TO UPFREEZE THFU COVE
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LBY,
AED = ABIND = AESOLUTE LB FOR HESVE STRalIN, UWREZCIWVER F&CTOR &ND EPS.UF
RS0 = ESTIMATED RELIAEILITY (PRJIEAEBILITY) UP.YRE EXCEEDS S0 YEAFS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WA STEPILE
FT F-DEGXDAYS PROB,  ===——==- -~ YEARS ==mmmemme——-— % YE&ARS FT  YEARS
H1 TCAVGACLY FRAVGALCUY FPY UP.YRS CVU% LBOMD AED RS@ DELT& H2M  DELTA
1.8 623 238 .933 7.17 1 27 8.93 3¢ 33 @ & .3 -
1.1 %12 33 .B%9 1&.11 1 aa 2.82 a3 237 @ 8 .3 -y
1.2 469 22 ,746 29.15 1 £ 4.594 =1 4p 8% 12 .2 12
1.3 71% 33 .47@ 44,72 2 71 14.24 &1 43 98 20 .2 2¢
1.4 €29 32 .%60 &0.23 3 $5 25.47 74 47 99 s .2 zs
1.5 951 38 .47 73,37 a 151 42,26 8 =0 100 €7 .2 &é
1.6 1@s52 %2 .420 83.18 & 251 %6.21 110 53 1ee 125 .2 123
1.7 1222 3§ .348 89.44 1S . 460 78.40 134 57 180 232 .1 22,
1.8 1370 2@ .277 93.764 30 900 B1.19 149 &@ 1e0 37 .1 57
1.9 1526 38 .213 96.26 é4 1944 83.58 212 43 188 1227 .1 1323
2.8 1691 38 .1%8 $7.75 142 ap3a 92,28 272 &7 100 3634 .1 3023
2.1 1865 38 .113 ©8.44 326 9119 $6.11 354 70 100 7114 .4 7089
2.2 2046 38 .078 $9.16& 766 21184 $7.7& 474 73 108 17821 .1 16942
2.3 2237 38 .e%3 $9.48 1837 ¢332 98.71 &%2 77 160 41382 .1 41:4:'
2.4 2435 38 .034 95.47 4473 122024 §9.24 9zé 80 18@ 191851 .1  1815Se
2.5 2642 238 .022 $9.79 11029 299455 99.%5 1355 83 180 252370 .1 252543
2.4 2858 38 .014 §9.87 27454 743752 §9.73 2045 87 100 424623 .1 432e%7
2.7 3082 38 .008 99.91 6ER44 (84BRP4 $9.83 3175 90 100 159944z .1 1574453
2.6 2315 33 .00% $9.94 173571 4483472 $9.89 S840 3 100 4p4SL93 .1 4622929
3.9 3556 38 .803 99.96 439241 11635798 $9.93 8251 $? 100 419253950 .1 £1023q

10
360 3885 38 .002 $9.97 %1114284 25304438 $9.95 12486 100 1006 414478320 .3 %1é
a4p
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€=S0  F=g.20

THERMAL ANND UFFREEZING ANALYSIS ESTIMATES =-- PROGRAM UPFREEZSX == 10-31-1$34¢
MANVILLE WAUKEGAN, ILL PLANT WAITE FILE
RAXXXX YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINGRY RESULTS ¥3xxx¥

CBJECTS HAUVE (X = A) = 92,306 FT C(EFFECTIVE PARTICLE SI2E, EPS.UF) STARTING AT
TOP OF WASTE PILE--ECTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREECZE INDEX (F1): LOGNORMAL W/ MEDIAN = &70 MEAN = 93T 2D, LN=, 345

Hi{ = DEPTH OF COVER ABOVE COBJECT, STARTING AT HI=TCT [FT] == FINE-GR&INED SOIL
UNFROZEN DRY DENS.=106 PCF, WATER CONT.= 2@.3% (80! SaT Kl=g 81
FROZEN DRY DEN3. = S PCF, WRTEF CONT.= &C,.7) C/L=.Q057 L(=ET23 kF=1,42

H3M = OBJECT LENGTH FOR MaX UFFREEZE, STARTING IN:

H3 = WeZE PILE OF SOIL--HAUVING:

UNFROIZEN DRY DENS.=m10@ PCF, WATER CONT.= 20,3 (€% SaT A T RCH
FROZEN DRy DENS., = 5@ PCF WATER CONT.=m §0.7) C/L=.¢0S7 L=ST2x KkF=1,42

BOTH COVER aND WASTE FPILE USE HEAQVE STRAIN, S = &
HERWE FRaCTION NOT RECOVERED ON THNING, F = ¢
LeHEZDAYSORIN-FRCTORY = .70 (AUD) 10 (8D

ESTIMATES USE MOD. BERGGREN EOQU. b/ KERSTEN KF’S aND ¢ 2%4 - 25, ERRIR IN KF’S

CORRELATION CCEFFICIENT EETWEEN K!.F &ND K3.F, R1.3=Q,60

ot 9T OF Mar L
034.

~

FPY = AUG YEARS TO FIRST FROST PENETRATION TO DEPTH M1 AND RETURN FERICD
UFP.YRS = ESTIMARTED YEARS FOR OEJECT UPFREEZING FROM HI (FOR HI PROES TN M3 EUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN CBJECT IN w3,
CONSERRTIVE FOR ALL CBJECTS HAUVING (X-A) ¢ 0.2@ FT
FOR H{=TCT: UF.YRS IS AN ESTIMATE (+ OR = C\V%) OF YERRS TO UPFREEZE THRU COVER
LEOND = § STANDARD DEVIATION LOWER BOUND (LB,
AED = AEOND = ABSCOLUTE LB FOR HEWVE STRAIN, UNRECOVER F&CTOR AND EFS.UF
RSo = ESTIMRTED RELIABILITY (FPROEQEILITY) UP.VRZ EXCEEDS S¢ YERRS

COVER THERM&L PROPERTIES IN HZ (R1.3=D WSTEFPILI

FT F-DEGx2DAYS PFPROB. ====ece-= YEARS ~ecccmmecwa- “ YE=RZ FT YEARS

H1 TCAVGKC\Y. FPAVGLCVY FPY UP.YRS CUX LBOND ABD RS@ DELTA H3M LELTA

1.0 422 22 ,9323 ?7.17 1 25 0.3 24 22 @ 4 .2 4
1.1 12 3¢ .85% 16.11 1 2y 2.82 2% 24 e é& .2 é
1.2 46R9P 33 7645 29.1S 1 3& 4.%4 34 27 e ? .2 g
1.3 715 33 .470 44.72 2 42 14.34 41 29 38 14 .2 13
1.4 829 3B .50 40.23 3 64 25.47 4 21 8% 24 .2 ¢
1.9 $S1 38 .497 ?73.37 4 100 4@.3¢ 60 33 94 45 .2 aq
1.6 1882 38 ,4z0 €3.10 8 168 S6.21 73 3& 97 e .2 ey
1.7 1222 32 .34% BP.44 1S 304 70.40 ?1 38 99 18 .1 1&r
1.8 1370 33 .277 93.76 30 éee g1.19 113 40 jee@ aee .1 eE
1.9 1826 39 .,213 96.26 é4 1242 8S.%: 142 42 189 8es .1 &se
2.8 1691 38 .1S8 97.7S 142 2696 93.28 i8] 44 ipw 2023 .1 201¢
2.1 1845 38 .113 92.464 326 6079 94.11 234 47 1pe 4742 .| 4724
2.2 20446 38 .878 99.16 766 14124 97.76 314 49 100 11347 .1 1130¢
2.3 2237 38 .953 99.48 1837 33%T92 923.71 435 51 1de 275e8 .1 274°%
2.4 2435 3° ,034 99.647 4473 8135¢ 99.24 617 S3 100 67923 .1 é7704
2.5 2642 38 .022 99.79 11029 199778 99.55 P83 Sé 100 148914 .1 168375
2.6 28%8 38 .014 99.87 27454 495835 99.73 $1343 S8 109 423215 .| 42190S
2.7 3082 38 ,008 99.91 48844 12408596 99.83 2117 60 108 1084308 .1 1842182
2.8 3315 38 .80S 99.94 173571 3122315 99.89 3373 42 1@0@ 2407129 .1 Z8E2cc
2.9 3756 38 .083 99.96 4392461 7690529 99.93 SS81 44 180 48273099 .1 4€2080°7
?éo 3885 38 .002 99.97 41114284 14846956 $9.95 8320 &7 100 11113852 .3 %1l

620
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€=58” F=0.409

THERMAL AND UPFREEZING ANALYSIS ESTIMATES =~ PROGPRAM UFFREEZSY == 16-31-195¢
MANVILLE WAUKEGAN, JLL PLANT WASTE PILE
XKXXXXX YEARS TO UPFREEZE OBJECTS THRU CIVER == PRELIMIN&RY RESULTS Xxxxxx

1
ORJECTS HAVE (X = A) = @,30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOF OF WASTE PILE~~BOTTOM OF COVER OF TOTaL THICKNESS = TCT |

THERMAL LOAD FREEZE INDEX (Fl)>: LOGNORMAL W/ MEDIAN = §7T MEAN = $3% SD.LN=, 3%

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT) -~ FINE-GRAINED SOIL)
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3 (E0X S&T piu=e.e-
FROZEN DRY DENS, = £@ PCF, WATER CONT.= 0,74 C/L=.00%7 L=SS23 Frr=1.42

H2M = QBJECT LENGTH FOR MAX UFFREE2E, STRRTING IN:

H3 = LaSE PILE OF SOIL=-HaUING:

UNFROZEN DRY DENS,.=100 PCF, WATER CONT.= 20.,3% (88l SaT) piled €,
FROCEN DRY DEN3, = S8 PCF WsATER CONT.= §0.74 C/L=,0¢57 L=85S22 KF=1.42

BCTH COVER AND WASTE PILE USE HERVE STRAIN, § = S, PS4 OF Max L .
HE~VE FRACTIOQN NOT RECCUVEPED ON ThwlllNG, F = @.44,
LAMEZRRSORIMN-FACTOR] = .78 (AYGY .10 (SD)
ESTIMaTES USE MOD. EBERGGREN EQU. W/ KERSTEN KF’S AND + 257 - 28X ERFQF [Nl KF'S
CORRELATION CCOEFFICIENT BETWEEN KI1.F alND K3.F, R1.T=0.00

FPY = AUG YEARS TO FIR3T FROST PENETRATION TO DEFTH HWi AND RETURY PEFICD
UF.YRS = ESTIMATED YEaRS FOR ORJECT UFFREEZING FROM HI (FOR H1 PROFS [N HI» BL”
CORRECT UP.YRS FUR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONESERATIVE FOR ALL CBJECTS HAUING (X=-A) ¢ @.3¢ FT
FOR M1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVA) OF YERARS TO UFFREEZE THRU COVE:
) LBOND = { STANDARD DEVIATION LOWER BOUND (LB,
AED = ABOND = AERSOLUTE LB FOR HEAVE STR&IN, UNRECOVER FaCTOR Nl EF3.UF
RS = ESTIMATED RELIABILITY (PROBREILITY) UP.YRS EXCEEDS S¢ YE&RS

COVER THERMAL PROPERTIES IN H3 (R1.3=D WeSTERILE
FT F-DEGXDAYS PROB., =—=-==- e= YEWR3 =—==eecmceme- % YEARS FT  YEWRS
M1  TCAVGLCUY FPAUGKCLY FPY UP.YR3 CUX% LBOND ABD RS¢ DELTA H3M  DELTA
1.8 423 38 .933 7.17 1 189 0.93 1€ 17 @ 3 .3 -~
1.1 512 38 ,8%% 16.11 1 22 2.82 21 18 @ 4 .2 4
1.2 ¢@® 38 746 29.15 1 27 6.54 25 20 @ 6 .2 ¢
1.3 715 38 .470 44,72 2 3¢ 14,24 31 22 e 10 .2 1
1.4 829 38 .Se0 48,23 3 S0 25.47 37 22 S@ 1g L2 1€
1.5 951 38 .457 73.37 4 7% 40.36 as 25 g4 22 .z 33
1.6 1882 38 ,420 83,19 8 126 58.21 5T 27 93 67 .2 &
1.7 1222 38 .346 87.44 15 230 70.40 ¢a 28 97 141 .1 14
1.8 137@ 28 .277 93.76 30 a5 €1.19 es 3@ % 260 .1 299
1.9 1526 38 .212 96.26 &4 $32 €2.58 186 32 99 66 .1 861
2.8 1691 38 .158 97.75 142 2622 93.28 136 33 100 1517 .1 151;
2.1 1845 38 .113 98.44 326 4s%y 94,11 177 3% tee 3557 .1 354y
2.2 2844 38 .078 99.16 766 10593 $7.76 237 =7 100 gs1e .1 B4g1
2.3 2237 38 .e%T2? $9.43 1837 25194 98.71 324 232 18@ 20491 .! 2042
2.4 243% 38 .834 99.67 4473 61012 $9.24 4¢3 4e 1e@  S@P4as .1 5¢ 771
2.5 2642 38 .822 99.79 11029 149628 99.55 &78 42 1800 126465 .1 126284
2.6 2858 38 .814 99.87 274%4 371874 $9.73 1023 43 1ee 317411 .1 314420
2.7 3882 38 .008 99.91 68844 938447 $9.83 158€ 45 188 799731 .1 ?9732?|
2.8 3315 38 .005 99.94 173571 2341734 $9.€9 2530 47 1e0 z@2284¢& .1 201696
2.9 3%54 38 .003 99.96 439261 SPI17897 99.93 4126 46 188 5129475 .1 S115687
g.a 3865 38 .802 P9.97 %1114284 12450218 $9.95 6240 5@ 106 633S14e .3 §3IE!E
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THERMAL AND UPFREEZING ANALYSIS ESTIMARTES -~ PROGRAM USFREEZSX == 1@-%{=-15ae
MaNUVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥XXXXX YEARS TO UPFREEZE OBJECTS THRU COVER == PRELIMINARY RESULTS X»rexx

PEBJECTS HAVE (X - A) = 9,30 FT (EFFECTIVE PAFTICLE SI2E, EPS.UF) STRETING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTwL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI1>: LOGNORMAL W/ MEDIAN s B75 MEAN = 935 =1 Lh=,345

Hl = DEPTH OF COVER AEBQUE OBJECT, STARTING AT HImTCT [FT1 == FINE-GRINED €OIL
LNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 28.3% (8¢ &aT Q&1
FROZEN DRY DENS. = S50 PCF, WATER CONT.= 28,7 C/L=.0057 (=523 KF=1.42

H3M = OEJECT LENGTH FOR MaxX UFFREE2E, STaRTING IN:

K3 = WASE PILE OF SOIL==HAUING:

UMFRQZEN DRY DENS.m1ee PCF, WATER CONT.s 20,37 (&g S&T) whimd €1
FROZEN DRY DENS. = 50 PCF WATER CONT.= 8.7V C/L=.60S7 L=ES23 +F=1,62

BOTH COVER AND WwITE FILE USE HEAVE STRAIN, S = 50%, ¢S% OF MAX L
~ HE=VE FRACTION NOT RECOVERED ON THAWING, F = @,.50,
LAMEDAXSORIN-FACTOR] = .70 (AUG) .10 (ED)
ESTIMATES USE MOD, BERGGREN EQU. W/ KERSTEN KF’S AND + 254 - 2% ERRZR IN KF’S
CORRELATION COEFFICIENT BETWEEN KI1.F AND K3.F, R1,3=0.,09

FPY = AUVG YEARS TO FIRST FROST FENETRATION TO DEPTH Hi aND RETUPHN FESICD
UP.YRS = ESTIMATED YEARS FOR OEJECT UPFREEZING FRIM HI (FOR HI FRCFI Ity R T
CORRECT UP.YRS FOR DIFFEFENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HALVING (xX=-A) ¢ 2,30 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (¢ OR = CU%) OF YEAFS TO UPFREEZE THRU CCOUER
’ LEOND = 1 STANDARD DEVIATICON LOWER EOUND (LEY,
AED = ABOND = &AESOLUTE LB FOR HEAVE STRmIN, UNRECOVER FACTCOFR whD EFS.UF
RS0 = ESTIMATED RELIABILITY (PROBAEILITY) UF.YRS EXIEEDE S¢ YEmRS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) mITERILE
FT F-DEG*DAYS PROB. cmeememee YEARS mmememe—ea—- ” YE~RS FT  YE<F3
Hi TCAUGSCVY FRAVGSCVY FPY UP.YRS CV LEOND ABD RS& DELTA H3M  DELTA
1.8 423 38 .932 7.17 1 15 0.93 15 120 2 .3 z
~1.1 $12 38 .85% 1&.1! 1 18 2.82 17 15 @ 3 .3 3
1.2 609 38 .76& 29.15 1 22 ¢.%4 20 16 @ 5 .2 =
1.3 715 38 .47¢ 44.72 2 29 14.34 26 17 @ g .2 8
1.4 e29 38 ,520 &@.23 3 40 25.67 30 19 16 14 .2 1a
1.5 951 38 .457 73.37 a 68 48,36 36 28 70 7.2 zs
1.6 1682 38 ,42¢ 83.19 8 101 S6.21 4aa 21 €9 s4 .2 €:
1.7 1222 38 ,2344 89.44 15 184 70.40 s4 23 =S 113 .1 112
1.8 1378 38 .277 92.76 3e 340 81.19 68 24 58 240 .1 229
1.9 1526 38 .213 96.26 64 74% §3.%8 s 25 9% €31 L1 €29
2.0 1491 3€ .158 $7.7% 142 1618 93.28 1@9 27 1e@ 1214 .1 120
2.1 1845 38 .113 9e.64 326 3648 96.11 142 28 100 284s .1 28:s
2.2 2046 38 .078 $9.16 766 8475 97.76 158 25 108 68e& .1 47ES
2.3 2237 38 ,8%3 $9.48 1837 20155 $8.71 261 31 108 . 1£S93 .1 16457
2.4 2435 38 .034 99.47 4473 4z&19 99.24 376 32 1800 46757 .1 Géez3
2.5 2642 38 ,022 P9.79 11029 119862 $9.55 S42 33 1@0 101343 .1 101025
2.6 2858 38 .014 $9.87 27454 297%e] $9.73 618 35 160 253929 .1 292143
2.7 3082 38 .88 99.91 68844 744352 99.83 1278 34 180 439785 .1 637861
2.8 331S 38 .085 £9.94 173571 1873389 $9.29 2024 37 1e@ 1418277 .1 1613%72
2.9 3556 38 .803 99.96 439241 4734317 99.93 3200 39 160 4163532 .1 4052606
g.a 3885 38 .082 99.97 41114284 18120170 $9.95 4992 48 18@ &&&B8128 .3 b46817

UPFREEZ3 RUN COMPLETE
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